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URINARY 17-KETOSTEROIDS IN METABOLISM* 
I. STANDARDIZED CHEMICAL ESTIMATION 
By RAYMOND L,. CAHENT anp WILLIAM T. SALTER 


(From the Laboratories of Pharmacology and Toxicology, Yale University School of 
Medicine, New Haven) 


(Received for publication, November 10, 1943) 


Investigations of androgen metabolism hitherto have been impeded by 
the lack of reliable chemical methods for the quantitative analysis of 
urinary 17-ketosteroids. The classical Zimmermann reagent (1, 2) has 
given various values in different laboratories (3-11). These discrepancies 
lie in two categories. First, the final color developed is exaggerated by 
extraneous pigments. Secondly, the genuine color due to 17-ketosteroids 
varies not only for a single ketosteroid when analyzed by different individ- 
uals, but also for equimolecular concentrations of related ketosteroids. 

The problem recently became even more complicated when Pincus (12, 
13) reported another set of values resulting from the important application 
of his new antimony trichloride reagent. It is the purpose of the present 


report to show that these discrepancies can largely be reconciled when an 
appropriate technique is used. This technique has been extended to sep- 
arate total 17-ketosteroids into cis (8) and trans (a) derivatives. 


EXPERIMENTAL 


Three features have been emphasized. First, the results obtained by 
the Pincus and by the classical Zimmermann methods have been compared. 
Secondly, the conditions of the Zimmermann procedure have been stand- 
ardized so that a given concentration of any of the chief 17-ketosteroids 
would always develop the same degree of color, which should remain stable 
at a plateau level. Actually, the means was found of forming equal de- 
grees of color from several ketosteroids when measured in equimolecular 
concentrations. Thirdly, extraneous pigments and undesirable chromogens 
were largely eliminated. 

Materials—Samples of crystalline androsterone, dehydroisoandrosterone, 


* This work was supported by the Jane Coffin Childs Memorial Fund for Medical 
Research and The International Cancer Research Foundation: The spectrophotom- 
eter was purchased with the aid of the Ella Sachs Plotz Foundation and the Fluid 
Research Fund of Yale University School of Medicine. 

t Under the auspices of The Rockefeller Foundation. Present address, The 
Maltbie Chemical Company, Newark, New Jersey. 
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hydroxyetioallocholanone, and testosterone! were used in their free form 
after being dissolved in 95 per cent alcohol. They were kept in the ice box. 

24 hour samples of urine were collected from healthy voung girls (3, 5, and 
63 vears old respectively). Toluene was used as preservative and the 
samples were stored in the ice box. In some cases samples of these urines 
were reinforced by the addition of androsterone and dehydroisoandros- 
terone. 

Equipment—1 liter Pyrex flasks with interchangeable ground connec- 
tions. 1 liter Pyrex separatory funnels. A constant temperature water 
bath automatically maintained at 25° + 0.1° for temperature control during 
the Zimmermann tests. Pyrex 10 cc. test-tubes calibrated at 2cc. Micro 
burettes, 2 cc. in content, calibrated to 0.001 ec. and permitting the delivery 
of 0.001 cc. volumes. A water bath electrically heated to 80° + 1.0° for 
temperature control during the Pincus tests. 

For careful qualitative determination of maximum absorption the Beck- 
man spectrophotometer was used. The intensity of the colors developed 
routinely was measured by the Klett-Summerson photoelectric colorimeter. 

Reagents— 

Recrystallized pure m-dinitrobenzene in 2 per cent alcoholic solution, 
purified according to Callow and Callow (14). 

2.00 n aqueous KOH (Eimer and Amend) solution. 

5.00 n aqueous KOH (Eimer and Amend) solution. 

Peroxide-free ether. 

Aldehyde-free alcohol, 95 per cent and 60 per cent, purified by fractional 
distillation after boiling with KOH. 

Chloroform, c.P. reagent. 

Antimony trichloride, c.p. reagent. 

Acetic acid, 95 per cent solution. 


Procedure 


The assay consists of four steps: (a) hydrolysis of the conjugated steroids; 
(b) extraction and separation of androgenic 17-ketosteroids; (c) develop- 
ment of the Pincus and Zimmermann reactions for the total 17-ketosteroids; 
(d) developr ent of the Pincus and Zimmermann reactions for cis (8-) and 
trans (a-) 17-ketosteroids. 

The technique used in our assays was as follows: 

Hydrolysis of Conjugated Urinary Steroids—Before the extraction of the 
steroids hydrolysis ‘was carried out according to the method described by 


1 For the samples of pure steroids used, we are indebted to Dr. E. Oppenheimer of 
the Ciba Pharmaceutical Products, Inc., Dr. Bernard J. Brent of Roche-Organon, 
Professor Louis Fieser, Dr. Seymour Lieberman, Dr. Konrad Dobriner, and Dr. I. 


T. Nathanson. 
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Holtorfi and Koch (6). Determinations on urine, studied in duplicate for 
comparison of the methods of Holtorff and Koch (10 minutes boiling with 
15 per cent HCl) and Consolazio and Talbott (15).(simultaneous extraction 
and hydrolysis), failed to show any consistent difference in the recovery 
of 17-ketosteroids. Moreover, the hydrolysis prior to the extraction is 
preferred for general use because it avoids special precautions against an 
inflammable solvent. An aliquot volume (250 cc.) of each 24 hour urinary 
sample was refluxed with 25 ec. of 12 n hydrochloric acid for 10 minutes. 
Then the mixture was cooled immediately in order to prevent the destruc- 
tion of the free steroids which are thermolabile. 

Extraction and Isolation of Free Urinary Steroids—For the extraction 
benzene and ether are more convenient as solvents than carbon tetrachloride 
(9, 15) because they extract completely both 17-ketosteroids and estrogens. 
In previous investigations we used benzene but we prefer ether which 
constitutes a less definite hazard. For the technique of extraction shaking 
in separatory funnels was used. Each extraction is practically complete 
after three shakings with 80 cc. of ether. 

Following the extractions the neutral 17-ketosteroids were separated 
from the acid and phenolic fractions. After shaking first with 80 cc. of a 
saturated solution of sodium bicarbonate, then twice with 80 cc. of 15 per 
cent potassium hydroxide, and washing once with 80 cc. of water, the 
neutral ethereal fraction was left. 

Decolorization with activated carbon (norit A, Merck) was performed 
in a few trial assays but was abandoned because of loss of active material, 
even when contact was limited to so short a time as 60 seconds. 

The neutral ethereal fraction was then evaporated to dryness, first on 
the steam bath in vacuo and then in a desiccator. Thereupon it was trans- 
ferred quantitatively with 96 per cent alcohol to volumetric flasks and later 
to 20 ec. storage bottles in which it was kept cold for further colorimetric 
assays. 

Colorimetric Assay—The colorimetric determination of 17-ketosteroids 
was made on aliquot samples by either the Pincus or the Zimmermann 





reaction. 

Pincus Method—The technique recently described was used (11) except 
for the modification of an incubation time of 60 minutes instead of 45 
minutes, and the maintenance of the reaction mixture in the dark at a 
temperature of 20°. Pr‘or to this incubation with acetic acid in the dark, 
the solution is heated with antimony trichloride for 20 minutes on a 
boiling water bath. 

Zimmermann Method—In a preliminary series of experiments the proce- 
dure of Callow et al. (4) was followed as modified by Friedgood and Whidden 
(16). In this method 2 x aqueous KOH is employed to develop the color. 
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A second series of assays was conducted by the Holtorff and Koch (6) 
method in which 5 N aqueous KOH is used. Ina third series of assays, this 
procedure was modified by extracting the color in chloroform. 
Determination of Cis (8-) and Trans (a-) 17-Ketosteroids—Cis (8-) and 
trans (a-) urinary 17-ketosteroids were separated according to the method 
of Baumann and Metzger (17), which closely approximates the actual 


TABLE I 


Comparison of Zimmermann, Modified m-Dinitrobenzene, and Pincus Techniques for 
Urinary 17-Ketosteroids in Mg. per 24 Hour Secretion with 
Recovery of Added Ketosteroids 


‘ Total 17-ketosteroids (Trans (a-) 17-ketosteroids) Cis (@-) 17-ketosteroids 
17-Keto-/;__ . hentia a 


Age of girls —— Zim- | m-Dini- Zim- | m-Dini- Zim- | m-Dini- 
mer- | troben-| Pincus! mer- | troben-| Pincus | mer- | troben-| Pincus 
mann zene mann zene mann zene 
mg. 
K., 3 yrs. 3.8 3.3] 3.3 1.8} 0.25) 0.25) 0.25 
3.5 2.4 2.8 2.9 2.3 2.5 0.21 0.15 
2.9 2.0 2.3 2.4 1.9 2.3 
3.5 2.5 2.3 3.3 2.0 2.0 0.23; 0.18) 0.20 
Androsterone 12 15 14 14 14 13 13 0.23! 0.18) 0.21 
Recovery, % 96 94 97 92 93 93 
Dehydroisoan- 20 23 22 22 3.3 2.0 2.0 | 20 20 20 
drosterone 
Recovery, % 97 98 98 98 99 98 
C., 5 yrs. 4 2.8 2.4 3.6 2.0 2.0 0.24 
Androsterone 12 15 14 14 15 13 14 0.24 
Recovery, % | 99 94 97 96 94 97 
Dehydroisoan-| 20 2 22 22 3.6} 2.0] 2.0 | 20 
drosterone 
Recovery, % | 95 96 98 90 
F., 64 yrs. 2.6] 2.1 2.1 2.3 1.8 1.8 
2.8; 2.1 2.0/ 2.6 1.8 1.6 | 0.20) 0.20} 0.20 
Androsterone 12 14 13 14 14 12 13 0.20' 0.20 0.20 
Recovery, % 96 93 98 94 87 92 
Dehydroisoan- 20 22 21 21 2.6; 1.8| 1.6 | 20 20 
drosterone 
tecovery, % 96 95 95 98 98 





isolation values. For the final determination, an aliquot part of the 
alecholic solution of urinary steroids was used and the respective cis (8) 
and trans (a) fractions were titrated colorimetrically by the Pincus or 
Zimmermann method as described above. 


Results 


The experimental data for the four steroids, each as determined by three 
methods, are presented in Figs. 1 to 3. In Table I are given the values 
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obtained from the children’s urine, with and without addition of pure 
17-ketosteroids 

Pincus Reaction—In the first series of experiments the absorption density 
of light, measured with the Klett-Summerson photocolorimeter (Corning 
Filter 62), is compared for the three 17-ketosteroids after treatment with 
the Pincus reagent. ‘Testosterone was similarly analyzed for comparison. 
In Fig. 1, the amount of steroid represented im 2 cc. of final solution is 
plotted against the direct logarithmic scale of the Klett-Summerson color- 
imeter (7.e., the relative absorption). It will be noted that the curves for 
androsterone and hydroxyetioallocholanone are approximately linear. 
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Fic. 1. Development of color by equivalent concentrations of several steroids 
after treatment (a) by the antimony trichloride reaction (Corning Filter 62) and (6) 
by the modified m-dinitrobenzene reaction (Corning Filter 52). 


The curve for dehydroisoandrosterone is much less steep, and that for testos- 
terone is close to the base-line. 

Zimmermann Reaction—The next series of experiments concerns the 
influence upon reaction velocity of the concentration of the potassium 
hydroxide used in the original Zimmermann procedure (1). Two concen- 
trations of KOH reagent are described; 7.e., 5.0 N and 2.0N. The former 
concentration is used in the method of Holtorff and Koch (6), and the 
latter in the method of Callow et al. (4) as modified by Friedgood and 
Whidden (16). From Fig. 2 it is clear, first, that greater speed of reaction 
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is attained with the 5.0 N reagent, and, secondly, that after 105 minutes at 
25° a plateau is reached. On the contrary with the 2 N reagent, the color 
does not reach a maximum even after a day’s time, when the color becomes 
qualitatively distinctly yellow. 

For these two reasons the 5.0 N alkali is preferred. The plateau found 


after 105 minutes confirms the result previously announced by Nathanson 


(18, 19 
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Fic. 2. Original Zimmermann technique (2). Effect of alkali concentration (5 N 
and 2 N) on the progressive development of color. A plateau is reached after 105 


minutes. 


Extraction of Color with Chloroform— Because it was observed that the 
blank develops considerable color on standing a few hours, an attempt was 
made at the end of the reaction to remove the excess of reagent or its break- 
down products by extraction with a heavy organic solvent. Chloroform 
appeared preferable to carbon tetrachloride, carbon disulfide, and amyl 
alcohol. When 0.5 volume of chloroform was added to the alcoholic 
mixtures resulting from the Zimmermann reaction, and shaken as described 
below, this solvent extracted the desirable pink color and left the super- 
natant water-aleohol solution deeply tinged with vellow. For quantitative 


reliability, the following precautions had to be observed 
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The mixture was shaken for ten oscillations, repeated twice at 3 minute 
intervals in the graduated 10 cc. test-tube. After each shaking enough 
chloroform was added from a micro burette to maintain the underly- 
ing chloroform moiety at 2 ce. volume. Because pure alcohol is miscible 
with chloroform, 60 per cent alcohol was necessary to prevent solution of the 
chloroform layer in the aleohol. The pink color is very photosensitive, but, 
as shown in Table II, it remained stable for 20 minutes in the dark, after 
which time it faded gradually. The colorimetric determination was made 
routinely at 10 minutes. Frequently an emulsion was formed, but could be 


TABLE I] 
Stability of Pink Color in Chloroform Solution 
Time 
— titan 10 25 ‘ 95 2 12 24 
trat mi nin m in ni 1in hrs hrs 
Relative absorption*® (Corning Filter 52 
~” per 
Androsterone 5 33 33 32 30 30 30 30 20 
10 79 72 75 70 67 65 65 
15 95 90 90 SS 86 S5 87 SO 
20 120 110 102 100 93 95 
Dehydroisoan- 5 36 35 33 35 32 
drosterone 10 S5 77 75 73 60 
15 116 112 112 104 105 95 100 
20 135 133 130 125 
Hydroxyetio- 5 26 25 25 20 20 20 
allocholanone 10 75 73 70 69 72 78 66 50 
15 126 120 110 110 100 102 100 80 
Testosteron 5 15 15 15 12 12 15 10 
20 15 15 14 12 15 15 12 


* Defined as E = log J)/] ked 


dissipated by placing the tube in a water bath at 40° for 1 minute. The 
chloroform solution was then sufficiently clear to be examined in the 
colorimeter. 

Absorption Spectra—With the Beckman spectrophotometer the absorp- 
tion curves of the water-alcohol and chloroform pigments were determined. 
In this work the authors are indebted to Dr. K. 8. Salomon for his technical 
advice. As shown in Fig. 3, these absorptions differ considerably: only the 
chloroform solution shows a maximum near 450 my. Although the respec- 
tive curves for the three 17-ketosteroids studied differ somewhat, they all 
show a maximum absorption between 430 and 480 my. Testosterone 


shows only a slight maximum. 
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Application to Human Urine—When the Klett-Summerson colorimeter 
was used with the Corning Filter 52, to determine total cis (8-) and trans 
(a-) 17-ketosteroids in human urines by the modified Zimmermann reaction, 
the results were consistent with those found by the Pincus reagent, with 
Corning Filter 62. As shown in Table I, however, the values are dis- 
tinctly lower than by the original m-dinitrobenzene procedure. In some 
instances, the corresponding cis (8) and trans (a) fractions are also given, 
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Fic. 3. Absorption curves of the colored compounds formed from several steroids 
by reaction with m-dinitrobenzene. 
as determined separately. The sums of these are reasonably consistent 
with the total. 

Table I shows also the recovery of known amounts of androsterone and 


of dehydroisoandrosterone when added to urine. 


DISCUSSION 
’ : ; ‘ ‘a , 
Most of the early results published for urinary 17-ketosteroids are too 
high, owing to the presence either of inactive chromogens or of preformed 
pigments (19). Callow and Callow (14) pointed out that normal urine 
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contains a non-specific fraction which gives a color value of 6 to 10 per cent 
of the total. Fraser et al. (20), Talbot et al. (21), and Pincus (22) confirmed 
these findings, although in a number of cases they obtained a much higher 
value for this fraction. 

In order to determine whether a urinary extract is contaminated with 
such compounds, Callow and Callow (14) used the ratio of the absorption 
coefficients found with green and violet filters respectively. Fraser et al. 
(20), after comparing the respective readings of the color with these two 
filters, proposed a partial correction by an equation which reduced the error 
due to the non-ketonic chromogens. Pincus (22) has pointed out, however, 
that the large variability in the “EG: FB ratio” (light extinction, green to 
blue) may render such a correction invalid on statistical grounds. Further- 
more, various urinary chromogens complicate the Zimmermann color titer 
even after the removal of non-ketonic material. 

From our experience it appears that urinary pigments and chromogens 
do not appear in constant proportions. Moreover, they may vary qualita- 
tively, so that sometimes the impurities have an absorption maximum which 
does not correspond to the filters ordinarily used for the correction factors. 
Therefore, a theoretical and rigid algebraic equation (23) may not be applied 
in every practical case. 

The introduction of the Girard reagent (21, 11) made it possible to 
separate chemically the ketonic from the non-ketonic compounds and to 
this extent it is very useful. Nevertheless, the Girard complex is partially 
hydrolyzed even under the best conditions recommended by Girard and a 
constant loss of 10 to 15 per cent of the 17-ketosteroids appears during this 
separation (24). On the other hand, in our experience the Girard complex 
is likely to adsorb pigments from the impurities and these are carried into 
the solution of the regenerated ketones. Therefore, the use of the Girard 
reagent, which leads to important results in a qualitative sense, seems not 
to be ideal for quantitative colorimetric assays. 

The use of the Pincus reagent is advantageous because it yields specific 
values, inasmuch as the absorption maximum of the green compounds 
formed by it is different from that of the contaminating red and brown 
pigments. The method has the further advantage of avoiding a color 
correction. According to our data, which confirm the results of Pincus 
(12), the values given by the SbCl; reaction are always lower than those 
given by the old Zimmermann reaction, even after subtraction of the 
urinary pigments as measured in a blank. 

Why did the original m-dinitrobenzene technique give too high values? 
Because the Pincus reagent reacts very weakly with dehydroisoandrosterone, 
one might suppose that the determination of total 17-ketosteroids by the 
Pincus method would give distinctly lower results. Dehydroisoandros- 
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terone, however, normally occurs in relatively small quantities. At best, 


therefore, this feature would account only lor a 10 per cent difference, 
whereas the observed discrepancy is usually about 40 per cent. This 
computation indicates that extraneous pigments are the source of the high 
values originally encountered with the dinitrobenzene reagent. 

Are the extraneous chromogens already present in the urine or do they 
arise during the Zimmermann reaction? Because naturally occurring uri- 
nary pigments and chromogens have been eliminated satisfactorily by the 
blank, the extraneous pigments probably are formed de novo during the 
Zimmermann reaction. In actuality, this latter source is very important 
because water-alcohol solutions of pure 17-ketosteroids yield both pink and 
vellow pigments which can be separated by extraction. The intensity of 
the pink color is proportional to the amount of ketosteroid present, whereas 
the vellow pigment is independent of it. Although preformed urinary 
pigments are largely extracte | by the chlorofor m, the optical blank corrects 
for this error. It is still possible, although unlikely on metabolic grounds, 
that the reagent yields a pink color with certain natural substances which 
are not 17-ketosteroids. The present data do not exclude this possible 
source of error. 

Testosterone yields almost no color with the m-dinitrobenzene reagent. 
The color reported in the original Zimmermann technique is quantitatively 


accounted for by the transformed reagent itself. 


SUMMARY 


1. The Zimmermann reaction for 17-ketosteroids has been modified by 
extracting the resulting color in a heavy organic solvent. The supernatant 
layer retains in solution the undesirable chromogens and pigment impuri- 
ties. 

2. The titer given by this modified reaction, after correction for residual 
urinary pigments by comparison with a blank, is lower than that given 
by the original Zimmermann reaction, but is very close to that given by 
the antimony trichloride reaction of Pincus. 

3. The titer given by the Pincus reaction or by the modified Zimmermann 
reaction, when the latter is read against the appropriate blank, does not 
reflect the non-endocrine urinary pigments. 

!. Under the original Zimmermann procedure, testosterone gave a trouble- 
some color. With the modified technique, however, testosterone vields 
practically no color. This result agrees with that by the Pincus reagent. 

5. With dehydroisoandrosterone antimony trichloride vields a feeble 
color, whereas the modified Zimmermann reaction gives the same intensity 
as with other 17-ketosteroids. 

6. The m-dinitrobenzene technique has been adjusted so that equivalent 


concentrations of various 17-ketosteroids vield the same color intensity. 
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Recently, the isolation of the higher fatty aldehydes from animal tissues 
as acid hydrazones and oximes was reported (1). A method for the quan- 
titative determination of these aldehydes is necessary for the study of 
their metabolic function. Feulgen and collaborators utilized the color 
developed by the aldehydes with the fuchsin sulfite reagent for this pur- 
pose (2, 3). 

In this paper a detailed study of this color reaction is presented. 

The use of a stable and reproducible standard is particularly necessary 
in the case of the fuchsin test, since the reagent varies from batch to batch. 
The free synthetic aldehydes, palmitaldehyde and stearaldehyde, are not 
stable and cannot readily be obtained in entirely monomeric form. Feul- 
gen first used the thiosemicarbazones of synthetic aldehydes as standards, 
but later abandoned them, since they did not split completely and, there- 
fore, gave low values (2, 3). He finally used the freshly steam-distilled 
aldehydes as an arbitrary standard (3). 

As Bersin and Feulgen have put forward evidence that the higher fatty 
aldehydes occurring in nature are bound in acetal linkage to glycerol (4), 
synthetic glycerol acetals of the higher fatty aldehydes would appear to be 
the ideal standard. Palmitaldehyde and stearaldehyde glyceryl acetals 
were prepared according to the method of Bersin and collaborators (5) 
and were found to be satisfactory in regard to stability. According to 
Bersin, the synthetic acetals give maximal color development after 10 hours 
at room temperature. In our hands, the maximum was reached only after 
18 hours at 37° (Fig. 2). Our synthetic acetals also behaved differently 
than did the naturally occurring aldehyde complex. Extracts of muscle 
and various organs of rats, cattle, and guinea pigs gave color within a 
few minutes under the conditions of the test and developed their maximal 
color within about 15 hours and probably in less time, at 5-10°. Under 
these conditions, the synthetic acetals yielded no color whatsoever even 
when tissue extract or a phosphatide preparation was added. Although 

* This work was supported by grants from the Josiah Macy, Jr., Foundation and 


from the Joshua Rosett Research Fund. 
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the synthetic acetals develop maximal color only at 37° within a period 
of 18 hours, they may be used as standards in the determination of natur- 
ally occurring aldehyde complex, with which maximal color development is 
independent of the temperature between 5-37°. 

The method of determination was basically that of Feulgen and collabo- 
rators (3) modified in two major respects: The color test was carried out at 
37°, and for the extraction of the colored compound purified capry! alcohol 
(6) was used instead of amyl alcohol; troublesome emulsions and high 
blank values were thus avoided. The synthetic acetals were used as abso- 
lute standards in a study of the behavior, with fuchsin reagent, of prepara- 
tions of palmitaldehyde, stearaldehyde, lower aldehydes, and of several 
aldehyde derivatives. 

The modified method and the new standard were applied to the deter- 
mination of the higher fatty aldehydes in tissues. 


EXPERIMENTAL 


Preparation of Palmitaldehyde and Stearaldehyde—The aldehydes were 
prepared by oxidation of the corresponding commercially available alco- 
hols (stenol and cety] alcohol flakes, du Pont) by the method developed by 
Schwenk and Bloch,' and isolated from the reaction mixture by the use of 
p-carboxyphenylhydrazine. 

24 gm. of cetyl alcohol flakes and 8 gm. of cupric oxide were heated over 
the free flame in a current of nitrogen until most of the oxide had turned 
red. The product was cooled, dissolved in hot 95 per cent ethanol, and 
filtered into a hot solution of 10 gm. of p-carboxyphenylhydrazine in 95 
per cent ethanol. A total of 300 ml. of ethanol was used. The addition of 
acetic acid (1) to the reaction mixture was found to be unnecessary. The 
solution was refluxed for 2 hours, and then distributed between 500 ml. 
of ether and 1000 ml. of a 4 per cent solution of potassium carbonate. 
The hydrazone was precipitated by acidification of the carbonate solution, 
and filtered under nitrogen. The yield of crude hydrazone was about 20 
per cent of the theoretical, based on the alcohol used. For analysis the 
hydrazone was recrystallized twice from 95 per cent ethanol and dried 
over P.O; at 2mm. and room temperature. The carboxyphenylhydrazone 
of palmitaldehyde melted at 101-102° with decomposition; found, C 
74.09, H 10.00; calculated for Co3H3s02N2 (374.55), C 73.75, H 10.23. 
The carboxyphenylhydrazone of stearaldehyde melted at 105° with de- 
composition; found, C 74.63, H 10.24, C 74.44, H 10.59; calculated for 
CosHy2O2N2 (402.61), C 74.58, H 10.52.2 Formaldehyde was as effective 


1 We are highly indebted to Dr. E. Schwenk and Dr. E. Bloch for making their 


unpublished method available to us. 
2 For the microanalysis we are indebted to Mr. W. Saschek. 
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as pyruvic acid in liberating the aldehydes from their hydrazones. The 
hydrazone (0.01 mole) was refluxed with 8 ml. of 37 per cent formaldehyde 
(0.1 mole) in 100 ml. of 95 per cent ethanol for 4 hours. The reaction 
mixture was distributed between 300 ml. of 4 per cent potassium carbonate 


and sufficient ether, as previously described (7). For purification, the 
aldehyde was distilled at 2 mm. Palmitaldehyde distilled at 120-140°, 
stearaldehyde at 141-155°. The vields of oncé distilled product were 77 


to 93 per cent of the theoretical, based on the hydrazone used. Sometimes 
preparations of palmitaldehyde or stearaldehyde were obtained which, 
in regard to their low melting point, solubility, analytical composition, and 
color equivalent, corresponded to the monomeric aldehyde. Some prepar- 
ations made under the same conditions showed a higher melting point and 
lower color equivalent, apparently corresponding to products of poly- 
merization or condensation of the aldehydes. 

Preparation of Aldehyde Derivatives—The carboxymethoximes were 
prepared according to Anchel and Schoenheimer (7). Palmitaldehyde 
carboxvymethoxime in a vield of 60 per cent of the theoretical was obtained, 
based on monomeric aldehyde. After two recrystallizations from 
methanol, it melted at 68-69°; found, C 69.05, H 11.13; calculated for 
CisH3s03N (313.47), C 68.97, H 11.25. Stearaldehyde carboxymethoxime 
in a vield of 40 per cent of the theoretical was obtained, based on mono- 
meric aldehyde. After two recrystallizations from methanol, it melted 
at 81—82°; found, C 70.32, H 11.62; caleulated for Ceo9He9O3;N (341.52), 
C 70.33, H 11.51. 

The thiosemicarbazones were prepared according to Feulgen and Beh- 
rens (8): palmitaldehyde thiosemicarbazone, m.p. 109°; found, C 65.10, 
H 11.20; calculated for C;7H35N,38 (313.4), C 65.09, H 11.26; stearaldehyde 
thiosemiearbazone, m.p. 112°; found, C 67.02, H 11.20; calculated for 
CigHs9N;8 (341.4), C 66.78, H 11.51. 

The acetals were prepared according to Bersin and collaborators (5) 
with the aid of the apparatus described by Clarke and Davis (9) adapted 
for liquids lighter than water.’ It was found that the acetal could be 
more conveniently purified after recrystallization from methanol by dis- 
tillation (150-170° at 2 mm.). For analvsis the acetal was distilled in a 
micro sublimation apparatus (bath 110°, 2 mm.): palmitaldehyde glyceryl 
acetal, m.p. 48-49°; found, C 72.63, H 11.89; calculated for Ci9H3sO; 
(314.49), C 72.56, H 12.18; stearaldehyde glyceryl acetal, m.p. 57°; found, 
C 73.27, H 12.64: calculated for Co,;H4.O; (342.5), C 73.61, H 12.36; mole- 
cular weight (Rast, camphor) 353. 

Determination of Aldehydes with Fuchsin Reagent—The fuchsin reagent 

* A mixture of equal parts of phosphoric acid anhydride and sand was used as dry- 
ing agent 
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was prepared according to Feulgen and Griinberg (3). The capryl alco- 
hol was purified by the addition of sodium and subsequent distillation. 

The standards and the samples to be tested were dissolved in glacial 
acetic acid in a concentration of about 0.1 mg. per ml. and kept at room 
temperature. Two or three dilutions of this solution with glacial acetic 
acid were made (usually 3:1, 1:1, and 1:3) and 1 ml. portions of the origi- 
nal and the diluted solutions were used for the test. 

To the acetic acid solution in a glass-stoppered cylinder were added 3 
drops of 6 per cent mercuric chloride solution, 10 ml. of the fuchsin reagent, 
and 1 ml. of 1 Nn HCl. The contents were well mixed by shaking and the 
tightly stoppered cylinders were placed in a water bath at 37° for 18 to 
24 hours. (If the cylinders were not tightly stoppered, the escape of SO, 
resulted in irregular values.) After cooling, the colored compounds were 
extracted by shaking for half a minute with 10 ml. of capryl alcohol, and 
the alcoholic solutions were cleared by centrifuging, transferred to the 
standard test-tubes, and read in the photoelectric colorimeter with Corn- 
ing Filters 440 and 348. 

Acetals As Standards—The suitability of the acetals as standards was 
studied with the above procedure. Solutions of palmitaldehyde and 
stearaldehyde glyceryl acetals in acetic acid, containing about 0.1 mg. per 
ml., served as stock solutions. When such a solution is allowed to stand at 
room temperature, even for a period of 3 weeks, the color density, as meas- 
ured with the same batch of fuchsin reagent, does not change. A solution 
tested after 6 weeks showed a decrease in density of about 10 per cent. 
The values for different preparations of the acetal were identical. Pal- 
mitaldehyde and stearaldehyde acetals also gave identical values, showing 
that the difference in chain length within this range did not influence the 
color development within the error of the method. With different batches 
of the fuchsin reagent, wide differences in results were obtained with the 
same acetal preparation (Fig. 1, Curves 1 and 2), but the ratio of the ex- 
tinction coefficients of various derivatives remained the same. 

The influence of temperature on the color development of the acetals 
was tested by carrying out the determination both at 7° and at 37°. At 
7° the synthetic acetal developed no color even after 24 hours. At 37° 
the maximum was reached after 18 hours (Fig. 2). 

Fuchsin Test with Aldehyde Derivatives—All tests were carried out at 
37° for 24 hours. Equimolar concentrations of the carboxymethoximes 
gave the same color values as did the acetals, but the carboxyphenylhy- 
drazones and the thiosemicarbazones yielded only 66 to 85 per cent of the 
color developed by the standard. The stability of the hydrazones in ace- 
tic acid was studied by keeping a solution of 403 mg. of the p-carboxyphe- 
nylhydrazone of stearaldehyde at room temperature for 24 hours. Dis- 
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tribution between ether and 4 per cent potassium carbonate solution gave 
135 mg. of hydrazone, recovered from the carbonate, and 158 mg. of ether- 
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Fic. 1. Color values of acetals and hydrazones in the fuchsin test. Curves 1 and 
2 represent palmitaldehyde glyceryl acetal and stearaldehyde glyceryl acetal, with 
two different fuchsin reagents. Curve 3 represents the p-carboxyphenylhydrazones 
of palmitaldehyde and stearaldehyde, with the same fuchsin reagent as in Curve 1. 
(This is almost 62 per cent color value.) Curve 1 was constructed from 67 points, 
of which 52 were within +5 per cent, the rest within +10 per cent. Curve 2 was con- 
structed from twenty-four points, of which eighteen points were within +5 per cent, 
the rest being within +10 per cent. 
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Fic. 2. Color development with palmitaldehyde and stearaldehyde glyceryl ac 
tals. @, palmitaldehyde glyceryl acetal; X, stearaldehyde glyceryl acetal. 
soluble residue corresponding to 60 per cent of the aldehyde present in the 
original hydrazone. 
Specificity of Fuchsin Reaction. Tests with Lower Aldehydes—The solu- 
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tions tested contained 1 mg. of aldehyde per ml. Formaldehyde (25 to 
50 y per ml.) gave a very deep color, of which only a very small portion was 
extracted by capryl alcohol, and which faded completely within 24 hours. 
Heptaldehyde, glyceraldehyde phosphoric acid, glyceraldehyde, and 
methylglyoxal yielded no color under the conditions of the test.‘ 

Determination of Higher Fatty Aldehydes in Animal Tissue—The fol- 
lowing experiments show the application of the method to the determina- 
tion of the higher fatty aldehydes in the muscle, brain, and nerve of the 
rat and guinea pig when palmitaldehyde glyceryl acetal is used as standard. 
The values from one typical experiment with each of the tissues are re- 
ported. The determinations were always carried out in three different 
dilutions of the extracts, and in the case of muscle and brain, in duplicate. 
The values are expressed as mg. per cent of palmitaldehyde. 

Muscle—Muscle tissue was minced finely with scissors on a watch-glass. 
A sample of about 1 gm. was suspended in 10 ml. of acetone (1), and shaken 
for an hour at room temperature. The liquid was decanted, and the ex- 
traction was repeated. The acetone extract was taken to dryness in 
vacuo and the residue was taken up in acetic acid (5 ml. per gm. of original 
tissue). The following values were found for abdominal muscle of a rat: 
24, 24.6, 25, 25, 24, 28 mg. per cent. 

Brain-——Brain tissue was minced as described for muscle. A sample 
of about 100 mg. was extracted with 5 ml. of boiling 95 per cent ethanol. 
The mixture was centrifuged for a few seconds, the alcohol was decanted, 
and the extraction was repeated. The tissue was then extracted ten times 
with 2 ml. portions of boiling ether in the same way. The combined ex- 
tracts were taken to dryness in vacuo, and the residue was taken up in 
acetic acid (10 ml. per 100 mg. of original tissue). The following values 
were obtained for the brain tissue of a rat: 327, 320, 340, 340, 340, 320 mg. 
per cent. Brain of guinea pig gave 310, 314, 280, (240), 310, 314, 300, 
320 mg. per cent. 

Nerve—A nerve sample of about 20 mg. was allowed to stand 1 hour 
in acetone, then removed and ground with sand. The mixture of tissue 
and sand was washed into a centrifuge tube with 5 ml. of 95 per cent ethanol 
and boiled with the alcohol for a few seconds. The mixture was centri- 
fuged, and the extraction was repeated ten times with 2 ml. portions of 
boiling ether in the same way. The combined acetone and ether extracts 
were taken to dryness in vacuo and the residue was taken up in acetic acid 


‘We are indebted to Dr. C. Neuberg for a sample of synthetic dl-glyceraldehyde 
and to Dr. O. Meyerhof for a sample of barium salt of triose phosphate containing 30 
per cent of its phosphorus as phosphoglyceraldehyde. Owing to the insolubility of 
both preparations, saturated solutions were used which contained less than 1 


mg. per ml 
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(3 ml. per 20 mg. of original tissue). Two samples of rat nerve gave the 
following values: Nerve 1, 496, 556, 539 mg. per cent; Nerve 2, 510, 538, 
478 mg. per cent. 

Recovery of Synthetic Acetals from Tissue Extracts and from Mixtures 
with Egg Yolk Phosphatides—3 gm. of rat abdominal muscle were minced 
and divided into four parts. Two samples were extracted with acetone 
alone, two with acetone containing known amounts of acetal. For the 
preparation of the stock solution, the procedure described above was 
followed. The fuchsin test was carried out with two samples at 7°, and two 
samples at 37°, a control sample being paired at each temperature with one 
to which acetal had been added. The amounts of acetal added corre- 
sponded to 23 mg. of palmitaldehyde for 100 gm. of tissue. 

The following values were found: at 7°, control 32 + 3 mg. per cent, + 
acetal 32 + 0 mg. per cent; at 37°, control 32 + 3 mg. per cent, + acetal 
{2 + 2 mg. per cent. 

The recovery of acetal at 37° corresponded to less than half of the cal- 
culated value. It cannot be decided at this point whether this low re- 
covery of the acetal is due to the loss of a part of the naturally occurring 
aldehydes in our procedure or to differences in the behavior of synthetic 
acetal and naturally occurring aldehyde complex. 

Egg yolk phosphatides were prepared according to Feulgen and Griin- 
berg (3). The fuchsin test was carried out with stearaldehyde glyceryl 
acetal with and without addition of 1 mg. of egg yolk phosphatide to each 
tube. In the ice box no color was developed in either case. At 37°, the 
acetals with and without addition of phosphatide developed maximal 


col iY. 


DISCUSSION 


The study of palmitaldehyde and stearaldehyde glyceryl] acetals as 
standards in the determination of the higher fatty aldehydes has shown that 
these compounds are ideal from the point of view of convenience. They 
are stable in solution and give reproducible results. They can be handled 
at room temperature without liquefying, in contrast to the “monomeric 
aldehydes.” 

The color density obtained with the acetals is higher than that found 
with any of the other aldehyde derivatives studied, with the exception of 
the carboxymethoximes, which give the same values. This finding sup- 
ports the assumption that the color yielded by these compounds corre- 
sponds to that given by the monomeric aldehyde. None of the prepara- 
tions of ‘free aldehyde” ever produced a higher color density and the only 
samples of palmitaldehyde and stearaldehyde which gave values equal to 
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those of the acetal had the characteristics expected of the monomeric 
aldehydes. 

The acetals develop full color with the fuchsin reagent within 18 hours 
only if the test is carried out at 37°. The free aldehydes develop color 
immediately and give the maximum in a shorter time at a lower tempera- 
ture. The thiosemicarbazones and carboxyphenylhydrazones attain a 
maximal color corresponding to only 66 to 85 per cent of that of equimolar 
amounts of acetal. It appears that these compounds liberate the free 
aldehydes under conditions which favor the formation of non-chromogenic 
products; it is unlikely that the lower maxima are due to incomplete 
splitting, since with these compounds color development begins imme- 
diately. Moreover, it has been found that within 24 hours, the car- 
boxyphenylhydrazone of stearaldehyde decomposes to the extent of 60 
per cent merely by standing in acetic acid solution at room temperature. 
This lability may explain why the p-carboxyphenylhydrazone is particu- 
larly suitable for aldehyde transfer (1) 

The acetals were originally chosen as standards, not only on the basis 
of their stability, but also because, according to Feulgen and collaborators, 
the higher fatty aldehydes occurring in nature are bound in acetal linkage 
to glycerol. Therefore, it would be expected that the synthetic glyceryl 
acetals would most closely reproduce the behavior of the naturally occur- 
ring aldehyde complex toward the fuchsin reagent. But a comparison of 
the two showed that this was not the case. At the low temperatures at 
which the aldehyde complex from natural sources gave full color develop- 
ment, the synthetic acetal did not give any color. It may be reasoned 
that the presence of a phosphoric acid ethanolamine group in the plas- 
malogen would labilize the acetal linkage. But, according to Bersin and 
collaborators (5), both synthetic plasmalogenic acid and synthetic plas- 
malogen develop color more slowly than the simple glyceryl acetals. Our 
method of preparation differed from that of Bersin only in that the acetals 
were purified by distillation as well as by crystallization. From the ele- 
mentary analysis and molecular weight determination it appears unlikely 
that the distillation could be responsible for an essential change in struc- 
ture. 

Bersin and Feulgen noticed that the isolated plasmalogen developed color 
with the fuchsin reagent at a slower rate than the compound present in 
tissue extracts. They attributed this behavior to the absence of other 
phosphatides serving as emulsifiers. The use of egg yolk phosphatides 
was recommended as an emulsifying agent in carrying out the fuchsin 
test. In our experiments the addition of phosphatides had no effect. 
Our results suggest that the aldehyde linkage in the naturally occurring 
complex may be more labile than the acetal linkage with glycerol. 
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Aldehydes can be determined with good reproducibility by the fuchsin 
test in extracts of tissues, but it is impossible to decide at this point whether 
all of the aldehyde present is determined, since the nature of the naturally 
occurring aldehyde linkage is uncertain. From the results with some de- 
rivatives (thiosemicarbazones, carboxyphenylhydrazones), it appears that 
the maximal color development of compounds containing the aldehyde is 
not necessarily equivalent to that of the free monomeric aldehydes. 


SUMMARY 


A quantitative study of the fuchsin test with derivatives of higher 
fatty aldehydes and with the free aldehydes themselves is presented. 
Palmitaldehyde and stearaldehyde glyceryl acetals are shown to be satis- 
factory standards in regard to stability in solution, and reproducibility. 
The acetals and carboxymethoximes of palmitaldehyde and stearaldehyde 
give the same maximal color development, which apparently corresponds 
to that of equivalent amounts of monomeric aldehyde. Other derivatives 
and different preparations of the free aldehydes give lower color maxima. 

The synthetic acetals of the higher fatty aldehydes do not develop any 
color at low temperatures, whereas the aldehyde complex from natural 
sources develops full color. With acetals as standards, the fuchsin test 
must be carried out at 37°, at which temperature the maximum is reached 
within 18 hours. This finding casts some doubt on the glyceryl acetal as 
the naturally occurring form of the aldehydes. 

The behavior of several naturally occurring lower aldehydes in the fuch- 
sin test is described. 

The fuchsin test has been applied to the determination of aldehydes in 
tissue extracts. 
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In the customary method for the determination of dehydroascorbic acid 
the amount of ascorbic acid is estimated by oxidation-reduction techniques 
before and after reduction with H.S. King (1) has shown that certain 
ketones and aldehydes on treatment with H.S form compounds that re- 
spond like ascorbic acid in oxidation-reduction procedures, leading to a 
considerable error. 

In a method, developed in this laboratory, for the determination of total 
vitamin C (2) an acid extract of tissue is passed through norit; this oxi- 
dizes ascorbic acid to dehydroascorbic acid, the bis-2,4-dinitrophenyl- 
hydrazone of which is treated with sulfuric acid, and the resulting red 
color is measured photometrically. We have adapted these analytical 
principles to the determination of dehydroascorbic acid in the presence of 
ascorbic acid. The procedure is similar to the above except that the acid- 
extracting solution contains 1 per cent thiourea and the oxidation by 
norit is omitted. The purpose of the thiourea is to stabilize the ascorbic 
acid during the extraction and subsequent treatment. Pure ascorbic 
acid dissolved in a solution containing 1 per cent thiourea and 5 per cent 
metaphosphoric acid, in a concentration of 15 y per cc., gives no color 
after 5 hours coupling treatment with 2,4-dinitrophenylhydrazine at 37°. 
The assumption that no dehydroascorbic acid is formed from the ascorbic 
acid in plant tissues under the specified conditions is supported by the 
finding of some very low values for dehydroascorbic acid (Table I). 


EXPERIMENTAL 


Plant tissues purchased in a city market were ground in 5 per cent meta- 
phosphoric acid solution. The ascorbic acid was photometrically deter- 
mined in this extract by means of indophenol buffered at pH 3.6, according 
to the suggestion of Bessey (3). To 1 cc. of metaphosphoric acid filtrate 
in a colorimeter tube in an Evelyn colorimeter were added 9 cc. of indo- 
phenol containing appropriate amounts of sodium acetate according to the 
technique of Evelyn, Malloy, and Rosen (4). This procedure gave the 
values shown in Column 1 of Table I. Another portion of the filtrate was 
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512 DETERMINATION OF ASCORBIC ACID 
TABLE I 
Comparative Analyses of Plant Tissues for Vitamin C 
The values are expressed as mg. per 100 gm. or 100 cc. of material. 
| — cr Dehydroascorbic acid 
ascorbic acid 
xtesue Indophenol 2,4-Dinitro-| By differ- 9 a 
photometric | Phenylhydra- ence ‘Shemlis 
method zine method 2)- drasina 
(1) (2 (3 4) 
Apple iaawantiae aderiisiaeaaneel 3.1 4.5 1.4 0.0 
Rhubarb 1.6 5.0 3.4 0.4 
Lemon juice ee , 57.6 59.5 1.9 0.5 
Potato ' ' 28.1 31.6 3.5 0.5 
Turnip , er ' 27.2 30.0 2.8 0.7 
Asparagus : , 19.7 20.8 1.1 1.0 
Carrot 5.4 8.3 2.9 1.0 
Peach 1.3 a3 2.0 1.0 
Plum 1.2 3.6 2.4 14 
Pineapple 15.6 21.0 5.4 1.3 
Green peas 17.5 19.6 2.1 1.3 
Cucumber 2.2 5.5 3.3 1.4 a 
Grapefruit juice 10.3 15.0 1.7 1.6 
Spinach 54.0 54.0 0.0 1.8 . 
String beans 16.0 16.4 0.4 1.9 
Lima beans 39.6 13.5 3.9 2.0 } 
Lime juice.. 31.0 37.5 6.5 2. 
Simlin 14.7 17.4 2.7 2.5 
Orange juice 69.0 74.0 5.0 3.4 ‘ 
Potato, dehydrated 99.4 111.0 11.6 5.0 
Green pepper 169.0 173.0 4.0 5.2 :, 
Cauliflower 75.5 72.5 —3.0 6.3 : 
Yellow squash 16.0 26.0 10.0 7.5 
Parsley 209.0 219.0 10.0 8.3 : 
Orange peeling 266.0 282.0 16.0 11.3 
Grapefruit peeling : 196.0 235.0 39.0 14 ‘ 
Kale 234.0 238.7 1.7 17.5 ‘ 
Broccoli 108.0 115.0 7.0 18.0 a 
Cabbage, dehydrated 391.8 105.0 13.2 18.7 
‘ se 512.0 540.0 28.0 22.5 a 
Lemon peeling 204 .0 210.0 6.0 25.0 C 
Orange marmalade 21.2 23.0 1.8 2.4 = 
: = ae t.4 7.1 2.7 0.8 a 
Apple butter 0.8 2.6 1.8 1.8 
a p 
then diluted 2 to 5 times with metaphosphoric acid and glacial acetic acid 
to make a final solution containing 5 per cent metaphosphoric acid and 10 | 
per cent acetic acid. This was passed through norit and the total dehy- a, 
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droascorbic acid determined as previously described (2). The results are 
shown in Column 2 of Table I. The values for dehydroascorbic acid 
(Column 3) are obtained by subtracting each value of Column 1 from the 
corresponding value in Column 2. Their validity obviously depends upon 
the precision and specificity of the two methods used. The data of Column 
4, Table I, were obtained by our direct procedure which will be described 
in detail below. 

Direct Method for Dehydroascorbic Acid (for Plant Tissues Only)—The 
tissue is ground under usually 50 and never less than 20 parts of a solution 
containing 5 per cent metaphosphoric acid and 1 per cent thiourea. After 
filtration 4 ec. of extract are placed in each of three matched photoelectric 
colorimeter tubes. One tube is kept for a blank. To each of the others is 
added 1 ec. of 2 per cent 2,4-dinitrophenylhydrazine in approximately 9 
w sulfuric acid. These are held at 37° for 3 hours, then cooled, together 
with the blank, in ice water. To each of the three tubes, while in the ice 
water bath, 5 ec. of 85 per cent sulfuric acid are added from a burette, a 
drop at a time, during not less than 1 minute. (Sulfuric acid, not grease, 
should be used for lubricating the stop-cock of the burette.) Finally 1 
ce. of the 2 per cent 2,4-dinitrophenylhydrazine solution is placed in the 
blank tube. The tubes are shaken thoroughly under the ice water, re- 
moved to a rack, wiped dry after 30 minutes, and read in a photoelectric 
colorimeter, with a 540 may filter. 

Colorimeter readings should be taken 30 to 45 minutes after removal 
from the ice bath. In some plant extracts a slight yellowish coloration 
appears when the 85 per cent sulfuric acid is added.. This is compensated 
by the blank, to which the colorimeter is adjusted before the unknown is 
read. As the center setting does not remain constant in all cases, a greater 
increase in color sometimes taking place in the blank tube than in the un- 
known, the colorimeter readings should be made as directed above. 

Appropriate standards must be run along with the unknowns, or, prefer- 
ably, a calibration curve and chart are made with standard solutions of 
dehydroascorbic acid in concentrations ranging from 0.25 to 15 y per cc. 
To prepare the dehydroascorbic acid standard, a solution of 25 mg. of 
ascorbic in 25 cc. of 5 per cent metaphosphoric acid is treated with 1 or 2 
drops of bromine, shaken until yellow, decanted from the excess of bro- 
mine into a large test-tube, and aerated until colorless. Standards of 
appropriate concentrations are made by diluting with 5 per cent meta- 
phosphoric acid containing 1 per cent thiourea. 


DISCUSSION 


Table I is of interest with respect to the methods for the determination of 
ascorbic acid. When little dehydroascorbic acid was present in the tissue, 
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the results by the indophenol and the dinitrophenylhydrazine method are 
in good agreement. In other analyses, marked differences can be accounted 
for by the value obtained for dehydroascorbic acid by our direct method. 
The agreement between the data obtained by the widely different methods 
is evidence for the specificity of each, and suggests possibilities of obtain- 
ing more reliable and precise values for true ascorbic acid than can be 
secured by bioassay techniques. 

Our studies indicate that the indophenol method, as modified by Bessey 
(3), is reliable for the estimation of ascorbic acid in most plant tissues, and 
TABLE II 
Recoveries' of Dehydroascorbic Acid Added to Plant Tissues When Analyses Were 
Carried Out by Direct Dehydroascorbic Acid Method 


The values are in terms of micrograms per 4 cc. of filtrates of 1:50 dilution 


Amount 
Tissue apa ~~} — a 2 A. 

filtrate additior . — 
Lemon juice 1.8 34.2 38.4 36.6 107 
Orange 2.4 34.2 37.8 35.4 104 
Cauliflower 3.3 34.2 9.4 36.1 105 
Spinach 3.7 34.2 38.7 35.0 102 
Kale 5.5 34.2 43.6 38.1 111 
Apple 0.0 33.2 32.4 32.4 98 
Peach 0.0 33.2 33.2 33.2 100 
Pepper 6.1 37.2 47.0 40.9 110 
String beans 1.3 37.2 39.4 38.1 102 
Yellow squash 2.5 37.2 410.5 38.0 102 
Simlin 3.5 37.2 41.4 37.9 102 
Lemon peeling 17.2 29.7 50.0 32.8 110 
Orange ”“ 13.2 29.7 47.0 33.8 114 
Lemon 7 2 3. 25.8 30.7 27.4 106 
Orange > ™ 4.6 25.8 31.3 26.7 103 


* Filtrate of 1:200 dilution. 


that the 2,4-dinitrophenylhydrazine method is satisfactory for the deter- 
mination of both ascorbic acid and dehydroascorbic acid in the same 
material. The indophenol method is obviously inadequate when dehy- 
droascorbic acid is present in appreciable amounts. 

The recoveries obtained by our direct dehydroascorbic acid method, 
when dehydroascorbic acid was added to a group of plant tissues, are 
shown in Table II. The high recoveries in the first experiments with 
lemon and orange peeling (110 and 114 per cent) were due to the use of 
too low a dilution, 1:50. When these analyses were repeated with an 
extract diluted 1:200, the recoveries were satisfactory. 
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One problem in vitamin C analysis is the possible interference in chemical 
methods by the reductone or enediol type of compounds that are formed 
by heating carbohydrate-containing foods in the presence of acid or alkali. 
These products rapidly decolorize indophenol (5) and also interfere in the 
dinitrophenylhydrazine methods. In Table III are summarized the results 
obtained by boiling carbohydrates in slightly acid, approximately neutral, 


TABLE III 


Apparent Vitamin C Produced by Boiling Carbohydrates in Slightly Acid, 
Approximately Neutral, and Alkaline Solutions 


All solutions contained 1 gm. of carbohydrate per 100 cc. 


Apparent 
Apparent tape Apparent 
pH ascorbic By ao dehydroascorbic 
acid ascorbic acid acid 
‘arbohydrate Treatme ‘nn ss 
Car reatment —— ie Direct 
Befo Aft phenol d onion - |By « iffer- dinitro- 
boiling | boiling | ™ethod | method | ,9¢Re€, | Phenythy- 
1) 2) method 
Glucose Distilled H2Osolu- | 5.5 4.7 0.03 0.04 0.01 0.02 
Fructose tion boiled 4hrs. | 5.9 | 4.4 0.00 0.08 0.08 0.04 
Dextrin 3.7 | 3.7 0.00 0.04 0.04 0.003 
Glucose Phosphate-buffered| 6.8 | 6.4 0.15 1.10 0.95 | 0.79 
Fructose solution boiled 4| 6.8 | 6.6 0.14 1.19 1.05 | 0.79 
Dextrin hrs. 6.8 6.6 0.01 0.20 0.19 0.21 
Glucose 0.5% NaHCO; so- | 8.3 | 8.5 | 13.1 20.0 | 6.9 | 4.9 
Dextrin lution boiled 30 | 8.3 9.2 2.4 3.4 1.0 1.6 
min. 
Glucose 0.5% NaHCO; so- | 8.3 8.4 23.4 20.6 —2.8 6.3 
Dextrin lution boiled 90 | 8.3 9.4 10.2 3.1 —7.1 2.8 
min. 


and alkaline solutions. After 30 and 90 minutes boiling of alkaline solu- 
tions of glucose and dextrin, relatively large amounts of apparent vitamin C 
were obtained by each method, but when solutions of glucose, fructose, or 
dextrin were boiled for 4 hours at pH 5.5 to 3.7, only traces of substances 
that interfere in either of the analytical methods were produced; the same 
treatment of similar solutions buffered with phosphate at pH 6.8 also 
gave relatively low values. 

It appears from the data of Table III that interference in analytical 
methods for vitamin C as a result of the cooking process is not serious when 
the heating is carried out, as is customary, in neutral or slightly acid solu- 
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tions. In view of these results it is suggested that the higher values for 
vitamin C sometimes observed with the indophenol method with previously 
heated plant tissues are probably explained by the inactivation of the as- 
corbic acid oxidase of the tissue, with resultant preservation of the re- 
duced form of the vitamin. 

Adaptation of Original 2 ,4-Dinitrophenylhydrazine Method for Blood and 
Urine to Analysis of Plant Tissues—The 2,4-dinitrophenylhydrazine 
method of determining vitamin C was originally applied to blood and 
urine (2). As some laboratories have now adapted this method to other 
substances, we wish to make certain recommendations in regard to its 
application to plant tissues. Except for the need for a calibration curve 
and the use of a solution containing 5 per cent metaphosphoriec acid and 
10 per cent acetic acid instead of 6 per cent trichloroacetic acid for ex- 
tracting the tissue, the procedure is essentially the same. Adsorption of 
the vitamin on the norit is counteracted by the presence of acetic acid. 
Trichloroacetic acid has the same effect, but in increased concentration it 
may crystallize out when the sulfuric acid is added later in the process, 
and so the use of acetic acid is preferable. Since the concentration of 
acetic acid influences the rate of coupling, the same amount of acetic acid 
must be used in preparing the calibration curve as in carrying out the 
analyses. 

1 gm. of norit to 50 cc. of filtrate is recommended, but highly pigmented 
plant filtrates may have to be treated with norit two or three times to 
obtain complete clarification. When 10 per cent acetic acid was present 
in the extraction fluid, no decrease in value resulted when 3 gm. of norit 
per 50 cc. were added, but losses of 3.8 per cent were observed when 6 
gm. were used. Filtrates containing 15 per cent acetic acid did not show 
diminished values when 8 gm. of norit per 50 cc. were added. 

The sensitivity of the 2,4-dinitrophenylhydrazine methods requires the 
use of relatively dilute extracts, an advantage from the standpoint of 
interference from other substances. As a rule in making extracts we take 
an amount of tissue expected to yield a filtrate containing 0.2 mg. of vita- 
min in 100 cc. of filtrate, but this amount should not exceed 2 gm. per 100 
ec. unless extremely small quantities of vitamin C are involved. 


SUMMARY 


1. A method for the direct determination of dehydroascorbic acid in the 
presence of ascorbic acid in plant tissues has been developed. 

2. The dehydroascorbic acid of a metaphosphoric acid extract, in which 
the ascorbic acid is stabilized with thiourea, is coupled with 2,4-dinitro- 
phenylhydrazine and the resulting derivative is treated with sulfuric acid 
to produce a red color which is measured photometrically. 
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3. Certain modifications of the original 2,4-dinitrophenylhydrazine 
method for the determination of the total vitamin C in blood and urine 
have been made in order to adapt this technique to the analysis of plant 
tissues. 

4. A comparison of results obtained with thirty-two plant tissues by the 
indophenol photometric and the 2,4-dinitrophenylhydrazine method has 
been made. Good agreement of results by the two methods was observed 
except when much dehydroascorbic acid was present. 
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MICRO GLASS ELECTRODE TECHNIQUE FOR DETERMINA- 
TION OF HYDROGEN ION ACTIVITY OF BLOOD 
AND OTHER BIOLOGICAL FLUIDS* 


By C. LLOYD CLAFFf anp ORVAR SWENSON? 
(From the Laboratory for Surgical Research, Harvard Medical School, Boston) 


(Received for publication, November 26, 1943) 


The amount of biological fluid available for determinations of hydrogen 
ion concentration is often small; for example, in this laboratory it was diffi- 
cult to carry on end studies on tumors and fractures because of the small 
amount of fluid available for determinations several days after the start 
of an experiment. A new technique was therefore devised to measure the 
hydrogen ion activity in quantities of fluid as small as 0.005 ml. With 
standard acetate reference buffer solution and other buffer solutions with 
a tolerance error of +0.02 consistently reproducible results were obtained 
within the tolerance of the buffer solution; i.e., +0.02. An advantage of 
the glass electrode described herein is the fact that if a capillary glass elec- 
trode tube is broken or clogged it can be discarded and another one used at 
once, without interruption or delay of the experiment. This method of 
filling the capillary reduces errors which might arise by reason of gas ex- 
change. 


Apparatus 


The apparatus consists of three parts: a calomel half-cell, a fan-shaped 
Pyrex glass funnel for the 0.1 n HCl and the Ag-AgCl electrode, and a 
Corning glass No. 015 capillary tube 75 mm. in length. The calomel half- 
cell is fitted with a reservoir for saturated KCl (Fig. 1). The outlet is 
raised a few mm. from the bottom of the reservoir to form a trap to catch 
crystals formed in the saturated KCl by change of temperature. This 
prevents crystals from clogging the tube or being carried down the tube 
and settling in the bottom of the saturated KCl drop where the liquid 
junction is formed, thus causing errors in determinations. Two stop-cocks 
control the formation of this drop (Fig. 1). The flattened funnel for hold- 


* Aided in part by a grant from the American Medical Association. 

t Research Fellow in Surgery, Harvard Medical School. 

t Assistant and Arthur Tracy Cabot Fellow in Surgery, Harvard Medical School. 

' These may be drawn to any desired diameter and stored in 0.1 N HCl. Special 
extremely fine capillary tubes are available from the National Technical Laboratories 
(miero tube No. 186-M). Our capillaries were drawn by Mr. James Graham, Uni- 
versity of Pennsylvania Medical School, Philadelphia, Pennsylvania. 
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ing the 0.1 n HCl and Ag-AgCl electrode is made of Pyrex glass. It is 
50 mm. long and 30 mm. deep, open at the top, so the capillary can be 
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supported across the opening. 
Ag-AgCl electrode. It has, also, a solid glass extension which enters a 


rubber holder. This in turn is fastened to a lucite arm capable of being 
raised and lowered by a rack and pinion movement as well as moving on an 











It is fitted with a side arm for holding the | 





SS ae a a“ 





B 


the 
sa 


i an 





Cc. L. CLAFF AND 0. SWENSON 521 


end bearing in a horizontal plane. The 0.1 nN HCl is introduced into the 
vessel with a pipette until it is filled to capacity. The surface tension 
holds the HCI from running out of the open ends. 

The Corning No. 015 glass capillary is 75 mm. in length and has two 
lucite wafers attached to it by picein. The capillary assembly is made up 
in a jig (Fig. 2) so that the lucite wafers will always be the same distance 
apart. Starting 4 mm. from each end, the capillary is brushed with hot 
paraffin as far as the lucite wafers. This leaves the capillary between the 
wafers exposed (Fig. 1, C). The three elements are mounted on a lucite 
base and rod. The whole assembly is set up in an electrically shielded 
copper box connected by shielded cables to a No. 7660 Leeds and Northrup 
pH indicator. 


Method 


The capillary tube is cleaned thoroughly by sucking through it in the 
order mentioned Keego,? 0.1 N HCl, alcohol, distilled water, and 0.2 per 
cent potassium oxalate (to prevent blood clotting) by means of a small 
vacuum pump fitted to a water trap with pressure tubing. A small glass 
tube is fitted to the end of the pressure tubing and a short piece of pure 
gum rubber tubing is attached to it, which can be pinched over the end of 
the capillary while it is held. This makes a convenient way to apply 
suction to the end of the capillary tube. Next the capillary is thoroughly 
dried by sucking air through it. The fluid to be tested is taken into the 
capillary by a mouth pipette. The capillary is next placed across the 
open end of the funnel-shaped vessel (Fig. 1, B) with the lucite wafers 
resting just outside the rim of the vessel. 

By means of the rack and pinion movement the whole assembly is raised 
into the hanging drop, thus making the liquid junction. 

When micro capillaries (micro tube No. 186-M, National Technical 
Laboratories) are used, a slightly different technique is necessary. The 
fluid to be tested is taken up by capillary attraction. The capillary is 
filled to within 10 mm. of its end. When the tube is held with the unfilled 
part up, a plug of picein, heated over an alcohol lamp, seals the air chamber. 
The capillary is next placed across the open end of the funnel-shaped vessel 
(Fig. 1, B) as before. 

The whole assembly is raised until the end of the capillary is just below 
the hanging drop. A heated glass rod is brought near the sealed end of the 
capillary to expand the air and push out the concave meniscus until a small 
bubble of liquid is formed on the end of the capillary. At this point the 
capillary is raised into the hanging drop, thus making the liquid junction. 


* Wyandotte Keego cleaner, J. B. Ford Company, Wyandotte, Michigan. 
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If the above modification of technique is not followed, a small air bubble 
will be formed at the liquid junction due to the fact that the meniscus at 
the end of the small capillary is concave. ‘This will invariably cause an 
error in the determination. 

After the determination is made, the capillary assembly is removed 
(if it is the micro capillary, the picein plug is pulled off). The capillary is 
then thoroughly washed in Keego, 0.1 N HCl, alcohol, and distilled water, 
by sucking these through by means of the vacuum pump in the order named, 
It is then ready for a new determination, or for storage in 0.1 N HCl. 

When capillaries are stored in 0.1 N HCl, the picein loosens around the 
capillary. When removed from storage, it is necessary, therefore, to 
dry the assembly with tissue paper, place in the jig, and reseal the lucite 
wafers to the capillary. Failure to do this will give erratic readings. The 
capillary assembly should be handled by holding the lucite wafer or the 
paraffined ends of the capillary, never the middle part between the wafers. 

Fluid may be obtained from deep seated areas by inserting a No. 18 
gage hollow needle into the site and allowing it to stand for a short period 
of time until enough fluid has collected in the lumen of the needle. The 
end of the glass capillary, thoroughly dried, can be inserted into the needle, 
filled by capillary attraction, and removed. 

When not in use the fan-shaped glass holder should be drained and the 
Ag-AgCl electrode stored in 0.1 n HCl. 
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THE CHEMISTRY OF PHYTOMONAS TUMEFACIENS * 
II. THE COMPOSITION OF THE ACETONE-SOLUBLE FAT 
By SIDNEY F. VELICK anp R. J. ANDERSON 


(From the Department of Chemistry, Yale University, New Haven) 
(Received for publication, November 22, 1943) 


The crown-gall bacillus, Phytomonas tumefaciens, stimulates in plants an 
abnormal cell growth which bears certain resemblances to malignant animal 
neoplasia (1). It has therefore been suggested that the action of the living 
bacillus is due to the liberation of growth-stimulating substances of a 
carcinogenic nature. Although it has not yet been possible to prove the 
presence of such a substance, it is of considerable interest that the lipids 
extracted from the bacterial cells have been shown to contain a fatty acid 
fraction (2, 3) which is similar in several respects to the branched chain 
fatty acids of the tubercle bacillus, one of which, phthioic acid, has marked 
cell-stimulating properties (4). 

The present work is a continuation of the study of the lipids of Phyto- 
monas tumefaciens. The bacteria had been cultivated on a synthetic 
medium in which sucrose was the chief source of carbon. On such a me- 
dium the organism retains its virulence (5) and elaborates a phosphatide 
which contains liquid saturated fatty acids of high molecular weight as 
well as choline, ethanolamine, glycerophosphoric acid, and normal fatty 
acids (3). 

The acetone-soluble fat, which is the subject of this report, was a reddish 
brown oil at room temperature. It contained about 70 per cent of free 
fatty acids. After saponification the fatty acids were separated by means 
of the lead salt-ether procedure into solid and liquid acids. The solid acids 
consisted mainly of palmitic acid. The liquid acids were subjected to 
catalytic reduction with hydrogen and platinum oxide, after which the lead 
salt-ether separation was repeated. The solid reduced acids contained a 
small amount of palmitic acid but the main component was stearic acid. 

The liquid fatty acids, in addition to the unsaturated acids, contained a 
small amount of liquid saturated fatty acids. These acids formed lead 
salts that were easily soluble in ether and hence were contained in the 
ethereal extract obtained on treating the lead salts of the reduced acids 
with ether. 

The water-soluble constituents isolated after the fat had been saponified 
formed a viscous syrup which gave no Molisch reaction but a positive 


* This work was aided by a grant from The International Cancer Research Founda- 
tion. 
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acrolein reaction, thus indicating the presence of glycerol. It would appear 
therefore that the acetone-soluble fat was a mixture of free fatty acids and 
some neutral glycerides. 

The liquid saturated fatty acids mentioned above were converted to the 
methyl ester and the latter was subjected to fractional distillation. A 
liquid saturated acid was obtained, the empirical formula of which appeared 
to be CooHywO2. Owing to the small amount of material available, it was 
not possible to establish the purity of this acid conclusively. However, its 
properties were very similar to those of a branched acid of the composition 
C2oH oO, isolated from the phosphatide in slightly larger amounts and sub- 
jected to a more rigorous purification (unpublished data). 

As in the case of other pathogenic bacteria grown on a synthetic medium 
(6), no sterols could be detected in the unsaponifiable fraction. However, 
a peculiar new steam-volatile substance was isolated. It was purified by 
fractional distillation and found to consist largely of a compound of the 
formula CyHw»O. Tests for aliphatic double bonds, hydroxyl, methoxyl, 
and carbonyl groups were negative. Both the composition and the phys- 
ical constants corresponded with those of diphenyl ether. 

Although the diphenyl ether structure forms part of the thyroxine mole- 
cule and is thus known to be synthesized in nature, it was considered de- 
sirable to repeat the isolation on new material. Through the courtesy of 
Dr. A. J. Riker an additional quantity of Phytomonas tumefaciens grown 
during the course of other investigations (7) was supplied. These bacteria 
differed from the ones previously extracted in that they had been lyophi- 
lized after isolation, whereas the previous material had been extracted in 
the moist state. There were also differences in the composition of the 
culture medium. On the basis of the former results the new material should 
have contained about 200 mg. of diphenyl ether. Actually only 25 mg. of 
a dark, strong smelling steam-volatile oil were obtained in which no di- 
phenyl ether could be detected. It is possible that volatile material may 
have been lost during lyophilization or that because of the differences in 
the culture medium the bacillus, which has been shown to be sensitive 
metabolically to such changes (3, 8), did not produce diphenyl ether under 
the second set of conditions. Although the findings bear confirmation, the 
possibility cannot be excluded that the previously isolated diphenyl ether 
was a genuine metabolic product. 


EXPERIMENTAL 


The large scale cultivation of Phytomonas tumefaciens was carried out by 
Dr. A. J. Riker and associates in the Department of Plant Pathology at the 
University of Wisconsin. The synthetic medium contained 10 gm. of 
sucrose, 2.5 gm. of glutamic acid, 0.2 gm. of sodium chloride, 0.2 gm. of 
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magnesium sulfate heptahydrate, 0.1 gm. of calcium chloride, 1.0 gm. of 
dipotassium phosphate, and 7.5 gm. of ammonium sulfate per liter of water. 
After being tested for purity and virulence, the bacteria were isolated by 
centrifugation and frozen in the moist state in solid carbon dioxide, in which 
form they were shipped to New Haven. 

Extraction'—Immediately upon arrival each lot of bacteria was mixed 
with 1.5 volumes of alcohol and allowed to stand at room temperature under 
an atmosphere of carbon dioxide for 1 to 8 weeks. In all subsequent 
operations oxygen was excluded as much as possible by the use of carbon 
dioxide. After the bacteria had settled, the straw-colored fluorescent 
supernatant liquid was siphoned off and replaced with an equal volume of 
alcohol which was siphoned off after 7 days. The residues were now pooled 
and diluted with alcohol and ether until the total volume was 12 liters and 
the two solvents were present in equal amounts. The extraction was 
continued for 7 days with occasional shaking and was repeated twice. It 
was possible to separate the residues of the last two extractions by filtra- 
tion. The bacteria were then extracted twice with 10 liters of chloroform 
and ether in a ratio of 1:1, and once with 10 liters of chloroform, each ex- 
traction as before being carried out for 7 days. The alcohol employed in 
the extractions was refluxed over potassium hydroxide and redistilled 
before use. The ether was treated with ferrous sulfate to remove peroxides 
and distilled over potassium hydroxide. 

The alcohol and the alcohol-ether extracts were combined and concen- 
trated to a small volume under reduced pressure, diluted with water, and 
extracted with ether. The chloroform extracts were treated similarly but 
were reextracted with chloroform. After the ether and chloroform solu- 
tions were filtered through a Chamberland filter, they were evaporated to 
dryness at 35°. Each fraction was dissolved in ether, filtered, and again 
evaporated to dryness. The ether-insoluble material was negligible. The 
total ether-soluble material weighed 79.81 gm. and corresponded to 6.4 per 
cent of the dry weight of the bacteria. The water-soluble portions, con- 
sisting chiefly of carbohydrate derived from the medium, were not further 
examined. 

Acetone-Soluble Fat—Since all of the fractions were similar in appearance 
and solubility, they were combined and dissolved in 400 ce. of ether. To 
the resulting solution were added 800 cc. of acetone. The mixture was 
kept overnight in the ice chest and the supernatant liquid decanted from 
the gummy precipitate and combined with the subsequent acetone wash- 
ings. The solvent was distilled off under reduced pressure and the residue 
was dissolved in acetone. A small amount failed to dissolve and was added 


? The extractions were carried out by Dr. Alex Lesuk. 
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to the main acetone precipitate. Of the total lipids 41.7 per cent was 
soluble in acetone. 

The acetone-soluble fat was a reddish brown oil which solidified in the 
ice chest and melted at 9°. A sample titrated in 90 per cent alcohol with 
alcoholic potassium hydroxide, a glass electrode being used, gave a rather 
flat curve with a slight drift near the inflection. The end-point indicated 
about 70 per cent free acid, calculated as oleic acid. The iodine number 
was determined by the Yasuda method (9) and found to be 71.9. There 
were 11.9 per cent of unsaponifiable material and a trace of steam-volatile 
acids (Reichert-Meissl number 2.7). The saponification number was 180.6, 

For the isolation of the components the fat was saponified with alcoholic 
potassium hydroxide under an atmosphere of nitrogen on the steam bath 
for 3 hours. Without distilling off the alcohol, the solution was diluted 
with water and extracted with ether to remove the unsaponifiable material. 
The soap solution was then acidified and the acids were extracted with 
ether. 

Water-Soluble Fraction—The aqueous residue after extraction of the 
acids gave a negative Molisch test and hence contained no carbohydrate. 
It was neutralized with sodium hydroxide and evaporated to dryness in 
vacuo. The residue was extracted with absolute alcohol, filtered, and again 
evaporated to dryness and extracted with alcohol. This process was re- 
peated several times. A small amount of viscous dark liquid remained 
which gave a positive acrolein test for glycerol but did not yield a crystalline 
tribenzoate. 

Unsaponifiable Fraction—During the determination of the Reichert- 
Meissl number small globules of a colorless oil collected on the aqueous 
distillate and sank to the bottom when the surface was disturbed. The 
distillate was neutralized and extracted with ether. After the extract had 
been washed with water, the ether was evaporated. The residue possessed 
a characteristic aromatic odor and was neutral in reaction. Accordingly 
the unsaponifiable fraction was subjected to steam distillation and more of 
the oil was obtained. In order to determine whether the material was 
chemically bound 6.62 gm. of the fat were steam-distilled without any 
previous saponification. The oil in the distillate weighed 0.40 gm. The 
residue was saponified and again steam-distilled, yielding an additional 
0.14 gm. of oil. A total of 1.9 gm. of the oil was obtained from 27.9 gm. of 
the acetone-soluble fat. The non-volatile unsaponifiable material was & 
viscous reddish brown oil. It constituted 4.1 per cent of the acetone- 
soluble fat. The iodine number was 92.8. Tests for the presence of sterols 
were negative. 

Purification and Identification of Diphenyl Ether—Elementary analysis of 
the crude steam-volatile material indicated the presence of oxygen. How- 
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ever, the material did not take up acetyl groups when refluxed with acetic 

,anhydride and pyridine nor did it yield alkyl halide when refluxed with 
hydriodic acid in the micro-Zeisel apparatus. There was furthermore no 
detectable reaction with Schiff’s reagent nor with dinitrophenylhydrazine. 
The oxygen thus appeared to be in a very stable linkage. It was eventually 
possible to purify the material by fractional distillation in an efficient small 
column at 20 mm. pressure. The middle fraction, which appeared homo- 
geneous, crystallized in the receiver when supercooled and melted at 28°. 


Analysis—8.844 mg. substance : 4.767 mg. H,O and 27.34 mg. CO, 
Cy2H »~O. Calculated, C 84.70, H 5.88; found, C 84.29, H 5.96 

Found for diphenyl ether. n™® 1.5810, D® 1.0728 

” * 1.5809, “ 1.0719 


p,p’-Dibromodiphenyl Ether—50 mg. of the purified material were dis- 
solved in 0.5 ec. of carbon disulfide and 0.05 cc. of bromine was added. The 
solution was allowed to stand overnight, after which it was extracted with 
a few cc. of dilute sodium hydroxide, dried, and evaporated to dryness. 
The residue was recrystallized twice from methyl alcohol. It melted at 
55.5-56° and gave no depression when mixed with a sample prepared from 
synthetic dipheny! ether (10). 


Analysis—15.87 mg. substance : 25.45 mg. CO, and 3.76 mg. H:O 
CyH,OBre. Calculated, C 43.90, H 2.44; found, C 43.73, H 2.63 


Examination of Second Batch of Phytomonas tumefaciens for Diphenyl 
Ether—The cells supplied by Dr. Riker for reexamination of the unsaponi- 
fiable fraction were originally grown in order to study the polysaccharide 
contained in the culture medium (7). The bacteria had been isolated by 
centrifugation and lyophilized. Of the dried bacterial cells 94 gm. were 
extracted in the manner previously described and the total ether-soluble 
portion saponified with alcoholic potassium hydroxide. The unsaponifi- 
able material, isolated in the usual manner, weighed 331 mg. The material 
was suspended in water and steam-distilled until 600 cc. of distillate were. 
obtained. The ethereal extract of the distillate yielded 25 mg. of a dark 
brown oil. It possessed a strong odor which was markedly different from 
the characteristic odor of diphenyl ether. The material was dissolved in 
carbon disulfide and half of the solution taken for preparation of the p,p’- 
dibromo derivative. The product obtained was a tarry substance insoluble 
in methyl alcohol and hence was not p,p’-dibromodipheny] ether. 

In order to make sure that no material had been missed 50 gm. of the 
extracted cell residues were hydrolyzed for 8 hours at 100° with 10 per cent 
sodium hydroxide. The hydrolysate was acidified and extracted three 
times with ether. No trace of steam-volatile material was found in the 
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ether extract. The non-volatile ether-soluble material upon evaporation 
weighed 300 mg. and consisted of solid fatty acids. 


Solid Fatty Acids Isolated from Acetone-Soluble Fat—A sample of the fat 


weighing 14.90 gm. yielded on saponification 12.06 gm. of fatty acids, 
corresponding to 81.2 per cent of the fat. The acids were combined with 
material from the saponification of other samples and converted to the 
lead salts by precipitation of a hot aqueous solution of the potassium salts 
with neutral lead acetate. The lead salts were washed, dried in vacuo 
over calcium chloride, and extracted with ether. The insoluble salts were 
converted to the free acids by treatment with hydrochloric acid and ether. 
The solid fatty acids thus obtained constituted 8.1 per cent of the total 
acids. Two more lead salt fractionations of the solid acids removed an 
additional small quantity of liquid acids. The solid acids after this treat- 
ment absorbed no iodine. 

The methyl esters of 0.93 gm. of the solid acids were prepared by treat- 
ment with diazomethane. After the esters were washed and dried, they 
were fractionated in a small Craig still (11). The pot temperature was 
raised 5° per hour and the column maintained 10° lower. Fractions 2 and 
3 appeared to be fairly pure methyl palmitate, m.p. 29.2°, and on saponifi- 
cation yielded an acid which after two recrystallizations from methyl 
alcohol melted at 62.5°. 

Analysis—9.52 mg. acid : 26.22 mg. CO and 10.53 mg. H,O 

CygH2O2. Calculated, C 75.0, H 12.5; found, C 75.1, H 12.3 

Titration—5A.50 mg. acid required 2.64 cc. 0.0807 n KOH; neutral equivalent 256, 

calculated for CigH3202 256 


Fractions 4 to 6 contained slightly increasing amounts of a higher homo- 
logue, probably stearic acid. However, the higher components were 
present in such small amounts that no pure acid could be isolated. 

Liquid Acids—The liquid acids were reduced in alcoholic solution with 
hydrogen and platinum oxide. Although the major portion of the hydro- 
gen absorption occurred in 3 hours, the solution was allowed to stand under 
slight hydrogen pressure overnight. After removal of the catalyst and 
distillation of the solvent at reduced pressure the product was saponified to 
remove any ester that had formed and was then subjected to a lead salt 
fractionation. From 18.11 gm. of liquid acids there were obtained 16.11 
gm. of solid reduced acids. 

5 gm. of the solid reduced acids were esterified with diazomethane and 
fractionated in a small, jacketed Widmer column at a pressure of 3 mm. 
In the first distillation three fractions were taken. Fraction 3 was almost 
pure methyl stearate. Redistillation of the other fractions yielded more 
methy! stearate, bringing the total up to 54 per cent of the solid reduced 
acids. The ester melted at 38.3°. It was saponified with alcoholic potas- 
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sium hydroxide and the free acid was crystallized from methyl alcohol. 
It melted at 69.6°. 


Analysis—11.87 mg. acid : 33.04 mg. CO, and 13.46 mg. H,O 
C,sHyO.. Calculated, C 76.1, H 12.7; found, C 75.9, H 12.6 


The intermediate fractions were then systematically redistilled, yielding 
an impure ester of palmitic acid which constituted about 10 per cent of the 
material and a series of fractions of continuously varying composition which 
appeared to contain no component other than palmitate and stearate. All 
of the distillation residues were combined and transferred to the Craig still 
and distilled until the total residue from the 5 gm. of starting material 
weighed less than 70 mg. No trace of any acid higher than stearic acid 
could be found. Since the amount of solid acids obtained after reduction 
was 93 per cent of the original liquid acid fraction, the unsaturated acids 
must have consisted mainly of oleic acid together with a small amount of 
palmitoleic acid. 

Liquid Saturated Acids—The ether-soluble lead salt fraction of the re- 
duced liquid acids was decomposed in the usual manner and the free acids 
isolated. Since the iodine number was found to be 2.5, the acids were 
reduced a second time and put through two more lead salt fractionations. 
The resulting material was a viscous brown liquid which weighed 1.05 gm., 
corresponding to 5.8 per cent of the total fatty acids. It was saturated, 
since it absorbed no iodine and it formed lead salts which were completely 
soluble in ether. 

The methyl esters were prepared by the action of diazomethane and were 
distilled at 1 mm. pressure in a small Widmer column. Three fractions of 
approximately equal size were taken. There was a steady change in the 
index of refraction. Solidification occurred when the ester fractions were 
immersed in an ice-salt bath. When the material was allowed to come 
slowly to room temperature, it first became an opaque fluid, then gradually 
cleared. This behavior indicated the presence of a solid component in all 
of the fractions. 

After several attempts at fractionation by other methods the fractions 
were combined, reesterified, and distilled in a specially constructed column 
which will be described in a subsequent report. Twelve fractions were 
taken from 580 mg. of methyl esters (Table I). 

The fore run consisting of six small fractions contained at least three 
components in less than 250 mg. of material and was therefore not ex- 
amined in detail. Fraction 6 upon saponification yielded an acid which 
after three recrystallizations from methanol and acetone weighed 20 mg. 
It melted at 63° and had a neutral equivalent of 288 and was hence chiefly 
Stearic acid. Fractions 7 to 10 indicated the emergence of a pure com- 
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ponent. The index of refraction showed a plateau and the methy!] esters 
remained clear liquids at 0°. Since the amount of material was not suffi- 
cient for redistillation, the combined fractions were analyzed. 


Analysis—11.47 mg. methyl] ester: 32.44 mg. CO. and 13.20 mg. H:O 
C»HwO:. Calculated, C 77.50, H 12.88; found C 77.12, H 12.79 


The carbon and hydrogen values correspond approximately to the caleu- 
lated values of the methyl ester of an acid having the composition CooH Ox. 
The remainder of the ester was saponified with alcoholic potassium hy- 


TaBLe | 
Distillation of Methyl Esters of Liquid Saturated Acids from Acetone-Soluble Fat of 


Phytomonas tumefaciens 


Weight 





Fraction No. Column temperature Refractive index M. p. of ester 
c. ns <. gm. 

l 146 1.4442 6 0.037 
2 146 1.4445 10 0.030 
3 146 10 0.026 
{ 149 1.4471 <0 0.040 
5 151 1.4471 3 0.022 
6 154 18-26 0.060 
7 154 1.4490 6 0.109 
8 154 1.4500 <0 0.062 
9 154 1.4500 <0 0.065 
10 160 1.4502 <0 0.033 
11 165 1.4514 3 0.063 
1.4517 5 0.027 


12 








droxide and the free acid isolated. It was liquid at room temperature but 
solidified in ice water and melted at about 15°. 

Titration—24.26 mg. acid required 4.76 cc. 0.01654 n KOH; neutral equivalent 
308, calculated for CooH oO. 312 


SUMMARY 


1. Phytomonas tumefaciens grown on a medium in which sucrose is the 
chief source of carbon contains 6.4 per cent of lipids of which 41.7 per cent 
is acetone-soluble fat. 

2. The acetone-soluble fat contains approximately 70 per cent free acid. 

3. The unsaponifiable matter contained a steam-volatile substance which 
was identified as diphenyl ether. This compound was not found in organ- 
isms grown under slightly different conditions. 

4. The acetone-soluble fat contained a small amount of solid saturated 
fatty acids, mainly palmitic acid, and a large amount of unsaturated acids 
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which yield mainly stearic acid on reduction, but a small amount of palmitic 
acid was also present. 

5. A liquid saturated fatty acid was isolated, of the probable empirical 
composition CooHgoOQe. 
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THE CHEMISTRY OF PHYTOMONAS TUMEFACIENS* 


III. PHYTOMONIC ACID, A NEW BRANCHED CHAIN FATTY ACID 
By SIDNEY F. VELICK 


(From the Department of Chemistry, Yale University, New Haven) 
(Received for publication, November 22, 1943) 


Anderson and coworkers have shown that both the acetone-soluble fat 
(1) and the phosphatide (2) of the crown-gall bacillus, Phytomonas tume- 
faciens, grown on a simple synthetic medium, contain fatty acids which 
differ markedly in physical properties from the members of the normal 
aliphatic series. Owing to the limited quantity of material, it was previ- 
ously not possible to effect a complete purification of these acids. It was 
shown, however, that a major component of the so called liquid saturated 
acid fraction of the acetone-soluble fat contained an acid of the probable 
empirical formula CooH Ov. 

With the aid of an improved method for the fractional distillation of small 
amounts of material the same acid has now been isolated from the phos- 
phatide in apparently pure form. Purification was effected by fractiona- 
tion of the lead salts, followed by fractional distillation of the methyl esters. 
The methy] ester, a colorless mobile liquid at — 15°, was found to have the 
composition C2HwO2. It was converted in good yield to the crystalline 
hydrazide (CooHgON:2) which melted at 56.6°. The free acid obtained by 
saponification of the methyl ester formed a solid crystalline mass. Crystal- 
line fragments separated from the mass were in the form of thin transparent 
plates which melted at 24° and showed complete extinction when rotated 
between crossed nicol prisms. The neutral equivalent and carbon and 
hydrogen values corresponded closely to the formula C2pH4O2. The ester 
showed no detectable optical rotation in 8.1 per cent solution in ether. 

The melting points of the acid and its derivatives are more than 50° 
lower than those of the corresponding straight chain compounds and 30-50° 
lower than those of mixtures of corresponding homologous normal compounds 
of comparable molecular weight. The acid absorbs no bromine and its lead 
salt is easily soluble in ether. Since the elementary analysis renders a cyclic 
structure unlikely, it would appear that the acid has a branched chain 
structure. Its properties suggest that it is a possible homologue of tu- 
berculostearic acid, isolated from the tubercle bacillus (3) and for which the 
structure 10-methylstearic acid has been proposed (4). 


* This work was aided by a grant from The International Cancer Research Founda- 


tion. 
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The separation of the branched chain acid fraction from the normal un- 
saturated acids required a catalytic hydrogenation of the latter. The molar 
ratio of double bonds in the original mixture to the normal saturated acids 
isolated after reduction was approximately unity. It is therefore con- 
cluded that the branched chain acids occurred in the bacterial cell in sat- 
urated form and were not reduced during the hydrogenation. 

The crude branched chain acid fraction subjected to distillation weighed 
2.3 gm., which was equivalent to 14 per cent of the total fatty acids. Of 
this material 0.889 gm. or 5.4 per cent of the total fatty acids was isolated 
as pure phytomonic acid by fractional distillation. An estimated addi- 
tional 200 mg. were also distributed in intermediate fractions. The fore 
run which consisted of fourteen small fractions contained three or more 
components, including a small amount of stearic acid. There was also 
a small amount of higher boiling material which was not present in sufficient 
amounts for redistillation but appeared to contain branched components. 


EXPERIMENTAL 


The bacteria employed in this work were a controlled strain of Phyto- 
monas tumefaciens cultivated on a simple synthetic medium in which 
sucrose was the chief source of carbon by Dr. A. J. Riker and coworkers 
in the Department of Plant Pathology at the University of Wisconsin. 
The extraction of the lipids from this material was described in the preced- 
ing report (1). After repeated precipitation from ether solution by the 
addition of acetone the phosphatides were obtained as a straw-colored 
granular powder which readily formed a colloidal solution in water. In 
confirmation of earlier work (2) the water-soluble components of the 
hydrolysate were found to be ethanolamine, choline, and glycerophosphorie 
acid. It was found in addition that upon treatment of an aliquot of the 
water-soluble portion of the hydrolysate with ninhydrin an amount of 
earbon dioxide equivalent to 15.5 per cent of the amino nitrogen was 
liberated, indicating the presence of an amino acid which could not be 
identified. The Molisch reaction for carbohydrate was negative. For 
analysis the material was dried in vacuo at 78° over phosphorus pentoxide. 


Analysis—18.71 and 22.22 mg. phosphatide; 62.92 and 74.34 mg. ammonium phos- 


phomolybdate; found, P 4.85, 4.83 
21.39 mg. phosphatide (Kjeldahl) ; 3.44 ec. 0.00998 n HCI; found, N 2.24 


Fatty Acid Fractions—The phosphatide was hydrolyzed by refluxing 
with 5 per cent sulfuric acid under nitrogen for 14 hours. When the 
hydrolysate had cooled, the acids were extracted with ether and the ether 
solution was washed with water and evaporated to dryness. The acids 
so obtained were saponified by refluxing with 10 per cent alcoholic potas 
sium hydroxide for 2 hours. The soap solution was diluted with water 
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and extracted with ether in order to remove any unsaponifiable material. 
The potassium salts were converted to the free acids in the usual manner 
and the latter converted to the lead salts and extracted with ether. Less 
than 0.3 per cent (0.050 gm.) of the total fatty acids formed ether-insoluble 
lead salts. 

The iodine number of the liquid acids, determined according to Yasuda 
(5), was 70, and the neutral equivalent 287. In order to remove the normal 
unsaturated acids the mixture was reduced with hydrogen and platinum 
oxide in alcoholic solution. The catalyst was filtered off and the solution 
was concentrated under reduced pressure and refluxed with potassium 
hydroxide for a short time to saponify any ester that had formed. The 
free acids were then isolated and separated into solid and liquid fractions 
by the lead salt-ether procedure. The solid acids after regeneration from 
the lead salts by treatment with hydrochloric acid and ether weighed 13.6 
gm., which was 82 per cent of the original liquid acids. On distillation of 
the methyl esters they were found to consist of 11 per cent palmitic acid 
and 89 per cent stearic acid. 

The ethereal extract obtained from the lead salts of the reduced acids 
as mentioned above yielded 3.1 gm. of acids which were liquid at room 
temperature and were fully saturated, since they absorbed no bromine. 
After two additional lead salt-ether fractionations no further solid impuri- 
ties could be detected in the liquid acids by this method. 

Isolation of Phytomonic Acid—The fractionating column constructed for 
the distillation of small amounts of high boiling material under reduced 
pressure consisted of a 30 cm. Pyrex tube of 4 mm. bore packed with a glass 
spiral and surrounded with a double air jacket electrically heated. The 
still head contained a capillary arm and a supplementary heater which 
permitted a continuous partial take-off under conditions of total condensa- 
tion. An all-glass rotating receiver allowed the separation of samples as 
small as 20 mg. The resolving power under operating conditions was esti- 
mated by the distillation of standard mixtures and found to be eight to nine 
theoretical plates, which was sufficient for the separation of mixtures of 
methyl laurate, myristate, palmitate, and stearate. Details of construc- 
tion, operation, and performance will be reported separately. 

A sample of the liquid saturated fatty acids obtained from the ether- 
soluble lead salts was esterified with diazomethane and transferred to the 
distilling flask. The distillation of 2.3 gm. of material took 30 hours and 
covered a boiling range of 80° at a pressure of about 3mm. The progress 
of the fractionation was followed by surrounding the receiver with an ice 
bath and observing the melting point of successive drops of distillate. The 
column temperature was raised whenever the distillation rate slowed down 
appreciably or stopped over the period of anhour. In Table I are the results 
of the fractionation. Because of the necessity of conserving material in the 
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very small fractions the index of refraction was omitted in most of the cases 
in which the melting point showed a progressive change. It should be 
noted that the jacket temperature does not represent the true boiling point. 
It can be seen from the trend of the melting points and the rise in the 
index of refraction that the material in the fore run (Fractions 1 to 15) 
was a complex mixture containing at least two higher melting and one or 
two low melting esters. The emergence of the major liquid component 
was apparent in Fractions 15 and 16 which solidified in an ice-salt bath 
and, on slowly warming to room temperature, formed two component sys- 
tems which gradually cleared between 4° and 10°. Fraction 17 developed 
only a turbidity at —15° and the next three fractions, which constituted 
38.7 per cent of the material, remained a clear mobile liquid at — 15°. 


TABLe I 


Distillation of Methyl Esters of Liquid Saturated Acids from Phosphatide of 
Phytomonas tumefaciens 

















Frec- Jacket ™ Refrac- | Frac- | Jacket * Refrac- 
tion No.| tempera- Weight M. p. tive tion | tempera- Weight M. p. tive 
ture index No. ture index 
c. gm. "ec. ns | » gm. x. ns 
l 110 | 0.102 | 1.4415 | 12 145 | 0.070 | 27-29 
2 114 | 0.047 | 10-20 13 150 | 0.067 | 26-29 
3 114 | 0.083 | 26 14 153 | 0.049 | 25-26 
4 114 | 0.006 | 14-18 | 1.4438 | 15 153 | 0.104 | 7-11 | 1.4490 
5 114 | 0.065 | O | 16 165 | 0.006 | 4-9 | 
6 | 135 | 0.034 | 18-23 | | 17 | 165 | 0.039 | 0 
7 | 137 | 0.045 | 21-24 18 | 167 | 0.313 | <0 1.4500 
8 138 | 0.080 | 27-28 | 19 | 167 | 0.245 | <0 1.4500 
9 139 | 0.029 | 29-30 | 20 | 167 | 0.331 | <0 1.4500 
10 140 | 0.023 | 33 21 | 174 | 0.125 | 8 1.4526 
11 | 145 | 0.060 | 30-32 | | 22 | 200 | 0.123 | 12 | 1.4562 





The combined constant boiling fractions (Nos. 18, 19, and 20) were sub- 
jected to a very slow redistillation and twelve cuts were taken. The first 
and last fractions, which weighed only a few mg. each, deviated slightly in 
index of refraction and were discarded. No further inhomogeneities could 
be detected by redistillation. Since the resolving power of the still was 
about nine theoretical plates, the presence of an appreciable amount of 
homologous impurity could readily have been detected. The possibility 
that the main fraction contained branched isomers differing by only a few 
degrees in boiling point cannot be excluded by this distillation. The 
analysis of the methyl ester was as follows: 

Analysis—D* 0.8878, n* 1.4500, [a]p 0.00 (8.1 per cent solution in ether). 6.708 


mg. methyl ester: 19.05 mg. CO: and 7.82 mg. H.O 
CyHeO0:. Calculated, C 77.30, H 12.89; found, C 77.44, H 12 94 
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The Free Acid—A portion of the ester was saponified by refluxing for 3 
hours with an excess of alcoholic potassium hydroxide. Most of the alcohol 
was evaporated under reduced pressure, and the residue was dissolved in 
water and extracted with ether to remove any traces of unsaponified 
material. The aqueous soap solution was then acidified and the fatty 
acids were extracted with ether. The ethereal extract was washed with 
water until the washings were neutral to litmus, after which the ether was 
evaporated. The free acid crystallized on standing for some time at 20°, 
and melted at 24°. The melted acid recrystallized slowly on cooling. 

Analysis—5.549 mg. acid: 15.63 mg. CQ: and 6.391 mg. H,O 

CooH O02. Calculated, C 76.92, H 12.82; found, C 76.80, H 12.80 

Titration—37.47 mg. acid required 7.31 ce. 0.01654 n KOH; neutral equivalent 311, 

calculated for CooHgoO2 312 


The Hydrazide—9 mg. of the methyl ester were dissolved in 1 cc. of 
ethanol, 0.4 cc. of 85 per cent hydrazine was added, and the solution was 
refluxed for 3 hours. The reaction mixture was diluted with water and 
extracted with several small portions of ether, and the extract was washed 
first with dilute hydrochloric acid and then with dilute potassium carbonate 
and with water. After the ethereal solution had been dried over sodium 
sulfate, the ether was evaporated. Crystals were obtained by subliming the 
white waxy solid in a small molecular still at a pressure of 0.0004mm. The 
white micro platelets showed strong extinction when rotated between crossed 
nicol prisms. The melting point was 56.6° and the yield was 93 per cent. 
When a solution of the hydrazide in dilute methyl alcohol was allowed to 
evaporate slowly, large exceedingly thin crystals having a pearly luster were 
deposited, which also melted at 56.6°. 

Analysis—12.56 mg. hydrazide required 3.87 ec. 0.0200 n HCl 

CooHwON:2. Calculated, N 8.59; found, N 8.62 
It was necessary in carrying out the Kjeldahl digestion to carry out a pre- 
liminary digestion with hydriodic acid (6). 

Minor Fractions—Because of the small amount of material in the lower 
fractions of the fore run a pure acid could not be obtained from them. 
Fractions 6 to 14 contained increasing, then decreasing, amounts of a solid 
acid which appeared to be stearic acid. The acid obtained from Fraction 
10 by saponification and recrystallization from methyl alcohol and acetone 
melted at 65° and had a neutral equivalent of 288 (stearic acid m.p. 69°, 
neutral equivalent 284). This acid was apparently carried along in the 
ether-soluble lead salt fraction by mixed salt formation between the bi- 
valent lead and the branched acids. Fractions 21 and 22 contained higher 
boiling material which from the low melting point appeared to contain 
branched components. They were combined and saponified. The free 
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acid so obtained was a waxy solid melting at 28-30°. It had a neutral 
equivalent of 330. 


SUMMARY 


1. The major branched acid in the phosphatide of Phytomonas tume- 
faciens has been obtained in apparently pure form and shown to have the 
composition CspHwO2. The name “phytomonic acid” has been proposed. 

2. The physical properties of phytomonic acid indicate a branched chain 
structure. 
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DETERMINATION OF SERUM CALCIUM BY PRECIPITATION 
WITH OXALATE 


A COMPARATIVE STUDY OF FACTORS AFFECTING THE RESULTS OF 
SEVERAL PROCEDURES 


By JULIUS SENDROY, Jr. 


(From the Department of Experimental Medicine, Loyola University School of Medicine, 
and Mercy Hospital, Chicago) 
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Most of the methods for analysis of serum calcium have been based on 
the principle of precipitation and isolation of calcium as the insoluble 
oxalate. In the successive analytical steps involved, (a) the preparation 
of the serum sample for (b) its precipitation as calcium oxalate, (c) the iso- 
lation of the pure precipitate, and (d) its quantitative measurement, many 
variable factors may affect the results and must be empirically controlled. 

The final step (d), the measurement of the calcium, usually and most 
conveniently as oxalate, can be made the least variable and most accurate 
part of the analysis. The dissolved oxalate can be estimated by titration 
with potassium permanganate or ceric sulfate, or by the gasometric method 
of Van Slyke and Sendroy (43, 45, 36), with an error of 0.5 to 1 per cent. 
The washing of the calcium oxalate precipitate in the course of its isolation 
(c), usually by centrifugation, is a strictly empirical and arbitrary procedure 
(6, 4, 45, 49, 35), which can nevertheless be carried out to yield constant, 
reproducible results. Error in this step alone can be limited to a maximum 
of 1 per cent. 

Concerning the initial steps (a) and (b) there is much less certainty. The 
serum calcium may be precipitated by the addition of oxalate (Procedure 
1) to serum directly (without further treatment other than dilution with 
water), as proposed by Pfibram (32) in 1871, and others (47, 5, 6, 17); 
(Procedure 2) to the dissolved ash of serum, as applied to microanalysis 
by de Waard (46) and Kramer and Howland (16); or (Procedure 3) to a 
protein-free filtrate of serum, as was first done by Lyman (22) and Halver- 
son and Bergeim (9). 

Were the results obtained under such widely different conditions of pre- 
cipitation equal in accuracy, the method of choice would be determined 
largely by convenience or the amount of sample available. However, 
when comparative analyses of the same serum samples are carried out in 
the three ways mentioned, the method of washing and measuring the oxa- 
late being the same throughout, large differences in results may be found, 
in the same laboratory and by the same analyst. Despite many studies 
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devoted to a consideration of such discrepancies, there is no agreement as 
to the optimum conditions for the quantitative precipitation of serum cal- 
cium as oxalate, nor has a satisfactory explanation been found to reconcile 
the differences in results obtained by various methods, and by different 
investigators. 

Indicative of the situation are the following references to comparative 
investigations in which the preparation of the sample and the conditions 
affecting the precipitation of serum calcium were studied as variable fac- 
tors. Results by ashing and by direct precipitation have been found to be 
the same (32, 46, 47, 6, 10, 2, 29, 39), higher for direct precipitation (3, 
50, 48), and also lower (30, 11, 41,2). In comparison with results obtained 
by ashing, the deproteinization methods have been reported to give values 
the same (18, 26), higher (9, 6, 38, 20, 10, 40, 29), and also lower (6, 19, 2). 
Higher values for calcium of trichloroacetic acid filtrate compared with 
directly precipitated serum calcium have been found (45, 40, 29, 12) and 
likewise, lower ones (6, 2). Pibram (32) and Bliihdorn and Genck (1) 
could find no calcium in the ash of serum from which calcium had been 
directly precipitated, nor could de Waard (47) find any in the filtered serum 
after direct precipitation. Van Slyke and Sendroy (45), however, found 
calcium in the trichloroacetic acid filtrate of decalcified serum. 

Since the papers cited embrace a wide variety of techniques for each of 
the four steps in analysis mentioned above, no inferences even as to the 
general trend of the values for any group of similar procedures may be 
drawn. Obviously, conclusive evidence concerning the validity of these 
conflicting groups of results, and an explanation of the origin of the dis- 
crepancies involved, are desirable (25). 

The accuracy and precision of the gasometric method for calcium (43, 
45) were well suited for the purposes of the present investigation. The 
maintenance of a uniformity of sample size, of washing technique, and of 
calcium oxalate measurement eliminated these factors as variables in a 
study concerned mainly with the factors governing the precipitation of 
serum calcium in different media and under various conditions. Control 
analyses of known salt solutions, paralleling those of serum at every step, 
and for each of the factors studied, served as standards of absolute ac- 
curacy. The results indicate that it is possible to obtain complete agree- 
ment in analyses of the same serum sample, whether calcium is precipitated 
directly from the serum, from the ash, or from the deproteinized filtrate, 
provided that appropriate corrections are made in each case. Many of the 
discrepancies reported in the literature are merely artifacts, arising from an 
accumulation of errors, no one of which is ordinarily detectable in blank 
analyses by the usual procedures heretofore followed. 
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Procedure 


The techniques used, with some modifications of our own, were similar 
to ones described in the literature. For the sake of clarity, and because 
some of the discrepancies cited may owe their origin to certain details of 
procedure, an exact description of the analytical methods employed is given 
in the following. 


(a) Preparation of Serum Sample and (b) Precipitation of Calcium 


With few exceptions, all analyses were performed in triplicate, the 
samples used being 1 cc. of serum (or its equivalent). The sample, in a 
conical bottom 12 cc. centrifuge tube, was distributed in a fluid volume of 
6 cc. in every analysis. The calcium was precipitated, at room tempera- 
ture, by the addition of 1 cc. of saturated ammonium oxalate. Precipita- 
tion (“digestion’’) took place overnight, or for a period of about 16 hours. 

The blanks for all analyses reported in this paper were uniformly prepared 
by the addition of 1 cc. of saturated ammonium oxalate to 6 cc. of distilled 
water. ; 

Procedure 1. Calcium Precipitation Directly in Diluted Serum—To 1 cc. 
of serum, there were added 5 cc. of distilled water, followed, after mixing, 
by 1 cc. of saturated ammonium oxalate. The contents of the centrifuge 
tube were thoroughly mixed. 

Procedure 2. Calcium Precipitation in Dissolved Ash of Serum—To 1 
ec. of serum in a 15 cc. platinum dish, 2 cc. of 1 n HCl were added; the mix- 
ture was evaporated to dryness on a steam bath, then placed in an oven at 
110° for 15 to 20 minutes. The dish was transferred to a muffle furnace 
initially at the same temperature. The furnace was gradually heated to 
500°, at which temperature the sample was then ashed for 2 hours.? After 
cooling, the ash was dissolved in 2 cc. of 1 N HCl and the solution evapo- 
rated on asteam bath. The dish was again cooled and the ash dissolved in 
2cc.of 1 n HCl. The solution was quantitatively transferred to a centri- 


1 These ‘‘water’’ blanks served (a) to correct for possible failure to remove am- 
monium oxalate completely in washing, and (b) to provide necessary corrections for 
the gasometric measurement (44, 36). 

* If the furnace is kept at 500° for the duration of the day’s work, the initial heating 
of the dried serum must be done with especial care to prevent mechanical spattering 
of the ash as water of combustion is evolved. With the furnace door open, the dish is 
held by tongs and alternately moved in and out of the furnace until the fumes, which 
should be evolved from the material gently, are no longer visible. The dish is then 
heated at 500°. 

* A white ash is usually obtained at this point. On the rare occasions when visible 
particles of carbon remain, the ashing at 500° should be repeated for $ to 1 hour. 
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fuge tube, followed by three portions of 1 cc. of water used to wash the walls 
of the platinum dish. 

To the 5 cc. of solution in the centrifuge tube, 1 cc. of freshly prepared 20 
per cent sodium acetate, 2 drops of 0.1 per cent brom-cresol green indicator, 
and 1 ce. of saturated ammonium oxalate were added (45). After the 
mixture was stirred with a thin, footed glass rod, a few drops (usually 6) 
of 1:1 ammonia were added to obtain a color matching that of a similar 
volume of 0.067 m KH2POQ, solution, of pH about 4.5, containing the same 
amount of indicator. The stirring rod was washed off into the tube with 
a few drops of water. 

Procedure 3. Calcium Precipitation in Protein-F ree Filtrate of Serum— 
To 1 measured volume of serum in a volumetric flask of 5-fold volume, were 
added 3 volumes of water, then, drop by drop, with gentle whirling, | 
volume of freshly prepared 20 per cent trichloroacetic acid solution (45). 
After the addition of a drop of caprylic alcohol, and water to the mark, the 
material was mixed and allowed to stand $ hour. The mixture was then 
centrifuged for 10 minutes at 2200 r.p.m. The supernatant fluid was fil- 
tered through a sintered glass filter funnel, Jena No. 3G4, No. 3G3, or 
Pyrex No. 30F. Samples of 5 cc. of filtrate were transferred to centrifuge 
tubes and the calcium precipitated exactly as described above for 5 ce. 
volumes of dissolved ash. Usually, less (about 2 drops) 1:1 ammonia 
was needed to obtain a final pH of 4.5. 


(c) Purification and Isolation of Precipitated Calcium Oxalate 


The procedure followed was a modification of that previously described 
((45) p. 221). After standing for at least 16 hours,‘ samples and blanks 
alike were centrifuged for 5 minutes at 2600 r.p.m. By means of an up- 
turned capillary, the tip of which was held below the surface of the liquid, 
all but 0.2 to 0.3 ce. of the supernatant fluid was slowly siphoned off. The 
precipitate was washed with 2 per cent ammonia water’ as follows: 1 ce. 
was slowly admitted from a pipette to wash the entire inner surface of the 
tube, which was then slanted while an additional 2 cc. were allowed to flow 
in quickly. The supernatant wash fluid was then carefully stirred with a 
thin, footed glass rod, the end of which was permitted to come no nearer 
than within 0.5 ec. of the bottom of the tube. Prior to withdrawal from 


‘ Biill’s (3) results probably explain the variation in the time required for direct 
precipitation by different workers. He found that while calcium could be completely 
precipitated in some sera in a half hour others required at least 16 hours, depending on 
the viscosity and protein content of the sample. 

’ The ammonia wash water should be freshly prepared for each day’s use, from the 
concentrated material (21). 

* This washing procedure avoids disturbance of the precipitated calcium oxalate 
by a violent inrush of wash water, which nevertheless is well mixed with the 0.2 to03 
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the tube, the rod was washed off with a few drops of ammonia water. After 
5 minutes centrifugation at 2600 r.p.m., the washing, centrifugation, and 
withdrawal of fluid were repeated twice as above, except that the superna- 
tant wash fluid was not again stirred with the glass rod. 


(d) Quantitative Measurement of Precipitated Calcium Oxalate 


The gasometric procedure of Van Slyke and Sendroy ((45) pp. 221-224) 
was followed, modified as described elsewhere (36). The c correction was 
obtained from the analysis of the blank, prepared, washed, and analyzed as 


above.! 
EXPERIMENTAL 


Analyses of Salt Solutions of Known Calcium Content 


Salt solutions of known calcium content were analyzed under conditions 
of controlled accuracy, by the same techniques as are outlined above for serum 
samples. The dilute solutions used, approximating the inorganic pattern 
of serum, were prepared from stock solutions at frequent intervals, ex- 
actly as previously described ((35) p. 253), and contained, in milliequiva- 
lents per liter, CaCl, 5.0, MgCl, 3.0, NaCl 154, KH2PO, 1.2. Occasionally 
magnesium or phosphate, or both, were omitted. In this work, sixteen 
stock salt solutions were used over a period of 8 months. 

The results are summarized in Table I. All values obtained are in- 
cluded in the calculations. The statistical treatment follows methods 
described by Mainland (24); the ¢ and z tables of Fisher (8) are used as 
criteria of significant differences. 

Series 1. Analyses by Direct Precipitation—The mean of 5.01 milli- 
equivalents of calcium per liter indicates the accuracy and reliability of this 
technique. The difference of the mean by +0.01 milliequivalent from the 
known value is not statistically significant.’ 

Series 2. Analyses by Precipitation from Dissolved Ash of Sample— 
(a) These were carried out as described for serum. The difference of the 
mean by +0.11 milliequivalent from the known value is highly significant 
(Table I). 

(6) In another group of analyses, actual ashing was not performed, but 





ec. of supernatant fluid left above the crystals. Mixing tests with colored solutions 
and periodic analyses of known calcium solutions (Table I) have established the cor- 
rectness of this empirical procedure. 

’ As in all analyses of salt solutions reported in Table I, the calcium in these sam- 
ples, also, was precipitated at pH 4.5. This adjustment, not made when serum cal- 
cium was directly precipitated, followed the addition of oxalate, and usually required 
the addition of 1 drop of 1 n HCl. 
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the calcium in 1 ec. samples was precipitated in the presence of all of the 
reagents used in the ashing procedure. A mean of 5.13 milliequivalents of 
calcium per liter was obtained. 

The difference of 0.02 milliequivalent between the means of groups (a) 
and (b) might be attributed to the elimination in the ashing group (a) 
of some organic contaminant reacting with Ce(SO,)2 to produce CO, 
However, the difference here is statistically not significant. It is clear that 


TaBLe I 


Results of Analyses of (Serum-Salt) Solutions Containing 5.00 Milliequivalents of 
Calcium per Liter 


Series 36, 


The results are given in milliequivalents per liter. 





| Series 26, 


Series 1, c..: Series 3a, Lr 
diet” | Suze | pnt’ | Cio | Eis 
pptn. | ashing filtrate | ashed 

No. of analyses 46 9 20 33 | il 
error (= AM) +0.01 +0.11 +0.13 +0.18 +0.16 


+0.040 | +0.032 | 40.049 | +0.057 | +0.046 


+0.047 | 40.042 | 40.059 | 40.069 | +0.065 
+0.0069} +0.0140) 40.0132) +0.0120) +0.019% 


deviation 
Standard deviation 


Mean (= M)..... | 5.01 5.11 5.13 5.18 5.16 
- error of mean (= e,,) | 











t = AM/ey, referred to known....| 1.45 7.9 9.9 16.0 | 8.2 
| 
Standard error of difference (= e)| | 
between means, referred to Se-| | 
ries 1 ; iia | +0.0154) +0.0144) +0.0138) +0.0208 
2 = AM/ep, referred to Series 1...| | 6.5 8.3 | 12.3 | 7.2 
Standard error of difference | Significance ratio of tor = | 
= ¢,) between pairs of | _ a Pairs of means compared 
means £p 
pes led reese Fi lis Every 2 Se Ve 
. 
+0 .0219 t = 0.91 Series 2a and 2b 
+0 .0230 z = 0.87 wa SE 
+0.0178 ‘= 2.81 a ae 
+0 .0249 t = 2.01 a Re 


+0.0219 z = 2.28 “2a + 2b and 3a + 36 


the average error of +0.12 milliequivalent (for (a) and (b)) obtained by 
the ashing technique is caused by the use of those additional reagents not 
required in the direct precipitation method. 

Series 3. Analyses by Precipitation in Presence of Reagents Used for 
Protein-F ree Filtrates—(a) These were carried out as described for trichloro- 
acetic acid filtrates of serum. Since no protein was present in these 
samples, the centrifugation and filtration through sintered glass were 
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omitted after it had been shown that these steps per se had no effect on the 
results. The difference of +0.18 milliequivalent from the known value is 
highly significant (Table I). 

(b) In another group, 5 cc. samples of trichloroacetic acid ‘“‘filtrate’”’ 
were first dried with 2 ec. of 1 n HCl and ashed exactly as described for 
serum and Series 2a of salt solutions above. A mean of 5.16 milliequiva- 
lents per liter was obtained. Statistically, as for Series 2a and 2b, the differ- 
ence of 0.02 milliequivalent between the means for Series 3a and 3b is not 
significant. However, both means (5.18 and 5.16 milliequivalents), ob- 
tained by the “deproteinization” technique, are decidedly significant in 
difference from the known value (5.00), or the mean for Series 1. Further- 
more, comparison of the means of appropriate unashed (Series 2b and 3a) 
or ashed (Series 2a and 3b) pairs, and of the combined groups (Series 
2a + 2b) and (Series 3a + 3b), indicates that the increase in average error 
of 0.05 milliequivalent per liter, of Series 3 with trichloroacetic acid, over 
that of Series 2 without it, is fairly significant. Since the reagents used in 
both series were otherwise the same, this increase is attributable to the 
effect of trichloroacetic acid. 


Individual Factors Responsible for Errors in Calcium Analyses of Salt 
Solutions and Serum 


The foregoing results have been quantitatively confirmed, by direct, 
independent experiments designed to determine the various individual 
factors involved in serum calcium analyses as they have been carried out 
in the past by ourselves and others. 

Effect of Low Calcium Concentration in Sample Analyzed—From the 
results with serum-salt solutions (Table I, Series 2 and 3), it might reason- 
ably be expected that the calcium-raising effect of the reagents could be 
eliminated by the use either of reagents previously tested as calcium-free, 
or of suitable ‘‘reagent’’ blanks instead of the “‘water” blanks used in these 
analyses. However, no calcium has ever been detected in our individual 
reagents by qualitative tests, either in this or in previous work (45), nor 
have “reagent” blanks ever been found quantitatively different from “wa- 
ter” blanks. 

An explanation for the failure to detect small amounts of calcium, as an 
impurity or otherwise, is afforded by a series of experiments, comprising 
1 cc. analyses of twenty serum-salt solutions diluted to contain calcium 
from 0.1 to 2.5 milliequivalents per liter (2 to 50 per cent of normal serum 
concentration), performed under the conditions outlined above for direct 
precipitation (Series 1). Measurements of calcium were made gasomet- 
rically (45) and photoelectrically (35). The results deviated from stoichio- 
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metrical yields for samples containing less than 1.80 milliequivalents per 
liter, below which concentration they were accurately expressed by the 
straight line equation, 


m.eq. Ca per liter sample present = 0.8627 + 0.25 


~ 


where z = milliequivalents of Ca per liter of sample found by analysis, 
Thus, under the conditions of analysis, up to amounts corresponding to a 
concentration of 0.25 milliequivalent per liter of the original sample, no cal- 
cium at all is detectable, and therefore none would be found in analyses of 
“reagent” blanks. Calcium as an impurity in the reagents to the extent 
of 10 per cent of normal serum calcium (0.50 milliequivalent per liter) 
would appear as an error of only 5.8 per cent in the ‘“‘reagent”’ blank. Ob- 
viously, to measure the error from reagents, analyses should be made of 
samples at a concentration above 1.80 milliequivalents per liter, by the 
addition of known amounts of calcium, with “water” blanks for control.’ 

Effect of Filtration through Filter Paper—Early in this work, in compara- 
tive analyses of serum, values for trichloroacetic acid filtrates passed through 
“ashless’’ filter papers were always higher (from 1 to 24 per cent) than the 
results by ashing or direct precipitation (Table II, Samples 1 to 20). These 
observations, which confirmed previous work (45), led to an extensive 
inquiry into the effect of filtration through filter papers, and the elimination 
of their use in microanalysis of calcium. 

50 ce. volumes of mixtures of known serum-salt solutions and trichloro- 
acetic acid (as in Series 3, Table I) were passed once through a 9 cm. filter 
paper, then analyzed directly as “‘filtrate’’ (a). The filter papers tested 
were Munktell’s No. 00 “‘ashless,”’ and Whatman’s No. 2 and No. 5. Sev- 
eral of the “filtrates” were also analyzed after ashing (6). In such cases 
the results of groups (a) and (b) were in agreement, indicating the absence 
of any extraneous organic reduction of Ce(SO,)2 in passage through the 
filter. 

Analyses of such “filtrates,” in a test of twenty-four individual No. ® 


* Under the conditions of analysis, the actual concentrations in the diluted solu- 
tions from which calcium is precipitated will, of course, be one-seventh that of the 
original sample. 

* The above empirical results are quantitatively not strictly in accord with theo- 
retical considerations based on the assumption of CaC,0, equilibrium between solid 


and liquid phases. However, the deviations are in no way related to inadequacies of 


measurement. Although the calcium in 1 ce. of 0.1 milliequivalent of solution would 
yield only 3 mm. in the gasometric measurement (45), the photoelectric method (35) 
is wholly adequate for the determination of corresponding amounts, i.e. 2 7, of cal- 
cium precipitated as oxalate from smaller volumes of more concentrated solutions. 
It is highly probable, since no solid CaC,0, was initially present, that supersatura- 
tion, with complete or partial failure to precipitate the calcium present, was respon- 
sible for the progressively greater deficiency in stoichiometrical yields from the more 
dilute samples. 
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papers selected at random, after correction for the reagent error, gave an 
average of 0.0016 (+0.0010) milliequivalent of “extra calcium” extracted 
per paper. This corresponds to an error of +3.2 per cent in the filtrate 
analysis of the equivalent of 1 cc. of normal serum. However, two of the 
papers gave errors of as much as 17 per cent. For two No. 2 papers and 
four No. 5 papers, the average extractions were 0.0105 and 0.0228 milli- 
equivalent of calcium per paper, respectively. 

In other experiments, the filter papers themselves were ashed and an- 
alyzed. The yields were 0.0012 (+0.00025), 0.0112, and 0.0256 milli- 
equivalent of calcium per paper for eight No. 00, two No. 2, and two No. 
5 papers, respectively. The ash weight given by the manufacturers, if 
calculated wholly as CaO, would correspond to +0.0011, +0.0419, and 
+0.0479 milliequivalent of calcium per paper, respectively. 

Thus, there can be no doubt that varying, significant amounts of cal- 
cium may be extracted from filter paper by acidified serum filtrates. The 
failure of previous werkers to notice this error is understandable. A 
priori, it would not seem necessary to pass a protein-free “blank” solution 
through an ‘‘ashless”’ filter paper, especially if the reagents had been tested 
“calcium-free”? in the usual qualitative manner. Moreover, results of 
this and a preceding section show that even if such control were attempted 
the error (averaging +3.2 per cent) from most “‘ashless” papers would be 
undetectable or inaccurately determined in the usual “blank” analysis, 
in which errors up to 5 per cent would be completely masked. Finally, 
since the variability of the individual paper correction, however accurately 
determined, makes its application impossible, it is clear that filter paper 
should not be used in micro calcium analysis. 

Effects of Individual Reagents—To verify the reagent errors indicated 
by the foregoing results on ashing (Series 2) and protein-free filtrate 
(Series 3), direct analyses were performed of each of the reagents used, 
with samples large enough to afford reliable values for calcium. 

Samples of 2 cc. of the 1:1 ammonia solution used (6 and 2 drops in 
Procedures 2 and 3, respectively) were concentrated and dried on a steam 
bath, in platinum dishes. Analyses of the washings, with known calcium 
added as for Series 1 in Table I, showed no extra calcium. Samples of 2 
ce. of the concentrated HCl from which was made the 1 y HCl used (6 
ce. in Procedure 2), were likewise analyzed and showed a small calcium 
content, of doubtful significance, equivalent to +0.01 milliequivalent per 
liter for 6 cc. of 1 N HCl. Tests have shown that neither brom-cresol 
green nor caprylic alcohol affects the results. 

Since a maximum error of only +0.01 milliequivalent per liter could be 
attributed to the other reagents of Series 2, it would seem, from Table I, 
that an error of +0.11 milliequivalent per liter in calcium values would 
arise from the use of 1 cc. of 20 per cent sodium acetate. To account more 
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directly for error from this source alone, 2 gm. portions of the fused crys. 
tals (NaC.H;02-3H:O) were dissolved in 2 cc. of concentrated HCl and 
water, and the solution evaporated to dryness. Analyses were carried 
out with known calcium added, as for Series 1 in Table I. Immediately 
upon the addition of oxalate, a copious white precipitate was obtained, 
Reacting with Ce(SO,)2, this gave varying yields of CO», corresponding to 
as much as 100 per cent more oxalate than that expected from the calcium 
added. 

Obviously, this could not be all calcium oxalate. That it represented a 
coprecipitation effect with a reduction in solubility of ammonium or sg0- 
dium oxalate was indicated when equivalent amounts of NaCl (0.85 gm.) 
were similarly treated, no calcium being added. 48 hours after the addition 
of oxalate, a heavy white precipitate was formed, which was then washed 
several times with absolute alcohol. The material was soluble in water 
and gave an immediate white precipitate upon the addition of CaCl, 
This precipitate was insoluble in water, easily soluble in 1 N H.SO,, and 
was identified microscopically as calcium oxalate. 

Thus, at high concentrations of a sodium salt, not necessarily acetate, 
and in the absence of calcium, large amounts of non-calcium oxalate may 
be precipitated. At lower concentrations, under the conditions prescribed 
for stabilizing pH in analyses of ash and of protein-free filtrates, a 
similar phenomenon may possibly occur, the precipitated sodium or am- 
monium oxalate escaping solution in the subsequent washing procedure. 
This would be especially so were the contaminating precipitates occluded 
to the precipitated CaC.0,. In “reagent” blanks, in the absence of cal- 
cium, no trace of extra oxalate has been found. Similar types of contamina- 
tion by the coprecipitation of sodium oxalate with calcium have been 
noted (7, 31, 33). Excess cations and acetate have also been cited as 
complicating factors in calcium analysis (2, 15, 14). 

Although the extra oxalate was found only when calcium was precipi- 
tated, little calcium could be found in the sodium acetate itself. Ina 
repetition of the above experiments with 2 gm. samples of sodium acetate, 
with added calcium, the supernatant fluid above the heavy precipitate was 
withdrawn as usual, and the precipitate dissolved in 1 cc. of 1 n HCl, 
then reprecipitated overnight. Following this, withdrawal of super- 
natant fluid, solution, and reprecipitation were again repeated, and the 
diminished bulk of precipitate washed and analyzed as usual. After 
correction for HCl and reprecipitation,” an increase of +0.23 milliequiva- 

1° In an independent series of analyses, when directly precipitated, unwashed 


calcium from known salt solutions was dissolved after withdrawal of the supernatant 
mother liquor, and then reprecipitated, the results were low by 0.10 milliequivalent 


per liter. 
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lent of calcium per liter was found, corresponding to a content of 0.02 
milliequivalent of calcium per liter as an impurity in the 0.2 gm. of acetate 
used in procedures of Series 2 and 3. Apparently, in these analyses, an 
error of +0.09 milliequivalent per liter must be ascribed to the coprecipi- 
tation of non-calcium oxalate. 

From Table I (Series 3a and 3b), an average error of +0.05 milliequiva- 
lent per liter in calcium values would arise from the use of 20 per cent 
trichloroacetic acid (1 cc. per 5 ce. of protein-free filtrate sample). A 
direct study of this point was made in analyses of the two lots of trichloro- 
acetic acid used throughout this work. Samples of 50 cc. of 20 per cent 
solutions were boiled down to 5 to 10 ec., dried and heated on steam and 
sand baths, and finally ashed in an oven at 500°. The analyses were 
finished as in Series 2a with known calcium added in some of the deter- 
minations. In agreement with results in Table I, the excess calcium 
found corresponded to a content of 0.04 to 0.05 milliequivalent of Ca 
per liter, as an impurity in the 0.2 gm. of trichloroacetic acid used in 
Series 3. 

Thus, for our ashing technique, a total correction of —0.12 milliequivalent 
per liter, or 2.4 per cent of normal serum values, is applicable to all re- 
sults. The correction covers errors arising from calcium in 1 n HCl (+0.01 
milliequivalent), calcium in sodium acetate (+0.02 milliequivalent), and 
the coprecipitation effect of sodium acetate (+0.09 milliequivalent). 
For analyses by deproteinization by trichloroacetic acid, the error of +-0.05 
milliequivalent for calcium present in the protein precipitant, added to 
the error from sodium acetate, makes the total correction —0.16 milli- 
equivalent per liter, or 3.2 per cent of normal serum values. The individual 
corrections account for, and their sum total is in agreement with, the re- 
sults recorded in Table I. 

Effect of pH at Which Calcium Is Precipitated As Oxalate—The neces- 
sity of adjusting solutions to a pH optimum for CaC,0, precipitation in 
the presence of other possibly interfering electrolytes (27, 28, 37) has often 
been emphasized. Thus, it has generally been the practice, in ashing and 
deproteinization procedures, to precipitate calcium oxalate at approx- 
imately pH 5.0. However, the factor of pH in the direct precipitation of 
calcium from serum has been neglected. One would expect such samples 
to be somewhat more alkaline than the upper limit of pH 5.6 (37). In 
fact, by glass electrode measurements of diluted sera (fresh and stale) after 
addition of oxalate, we have found pH values varying between 7.1 and 7.5. 
In view of this, and because McCrudden (28) and Shohl (37) carried out 
their studies under analytical conditions quite different from ours, the 
effect of pH in our analyses was studied. 

In a series of analyses of known serum-salt solutions and sera, calcium 
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was precipitated directly, at various pH levels between 4.2 and 7.5. The 
pH values were set by adjustment with dilute HCl or ammonia water, and 
measured with the glass electrode (23). The calcium values varied only 
within the limits of analytical error, without relationship to pH. Thus, 
under the conditions of analysis described, calcium may be quantitatively 
precipitated from serum and from fluids of approximately the same elec- 
trolyte pattern as serum, without further adjustment, at pH within the 
limits of 4.0 to 7.5. 


Analyses of Serum Samples 


Human serum was obtained from clotted or defibrinated blood freshly 
drawn from ambulant dispensary patients."' Samples of 1 cc. or its equiva- 
lent were analyzed according to the techniques described (‘‘Procedure”), 
The corrections found (mean errors of Table I) for the analyses of known 
salt solutions by Procedures 1, 2, and 3, namely —0.01, —0.12, and —0.17 
milliequivalent per liter, respectively, were applied to these results for 
serum. If the individual factors responsible for errors in serum analyses 
were the same as in salt solutions, corrected results for serum would show 
complete agreement among the three methods. If otherwise, discrepan- 
cies between such corrected results and the true values could then be as- 
cribed to the effect of serum constituents other than the inorganic salts. 
Since organic constituents are eliminated in the ashing technique, the 
results (corrected) by that method were accepted as the standard, true 
values for calcium in serum. 

Analyses by Direct Precipitation and by Ashing—For serum, analyses 
by direct precipitation were higher than by ashing (Table II, Series 1 
and 2a), indicative not of an increased precipitation of calcium in the 
former method, but rather of a further reduction of the Ce(SO,4)2 oxidant. 
The average discrepancy of +0.04 milliequivalent per liter (+-0.8 per cent 
of normal) for twenty-eight analyses is just barely significant, and is 
attributable to the precipitation of calcium in the presence of reducing 
substances present in serum. 


— 


That the contaminating effect is not simply the result of an oxidation by | 


Ce(SO,)2 of organic matter of serum retained after washing is indicated by 
the following. Serum blanks, consisting of 1 cc. of serum + 5 cc. of H,O + 
1 ec. of 2 per cent NaCl were compared with blanks of 6 cc. of H:O + 
1 cc. of 2 per cent NaCl. Contrary to previous results with two wash- 
ings of serum mixtures twice as concentrated ((45) pp. 227-228), under our 
conditions of washing no serum effect was found. The reducing effect of 
serum occurs, therefore, only when the CaC,0, is precipitated in the pres- 


1 We are indebted to Miss Hester E. Reynolds and physicians of the Mercy Hos- 
pital-Loyola University Clinics for this material. 
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Resulis of Analyses of Calcium in Serum; Values Corrected for Mean Errors Found 


for Salt Solutions (Table I) 


Analysis by ashing, 














Deviation from ashing (Series 2a) of analysis of 























= Series 2a Serum by direct | CClsCOOH filtrate,*| Ash of CClsCOOH 
pptn., Series 1 Series 3a filtrate,* Series 3d 
Perse m.eq. per I. m.eq. perl. m.eq. perl. meq. pert. 

1 4.94 +0.01 +0.49 

2 5.05 | —0.07 | 

3 | 5.14 —0.02 +0.13 | 

4 | 4.96 | +0.10 +0.28 | 

5 4.88 | +0.09 +0.19 

6 4.92 —0.03 

7 | 4.69 | — +0.08 +0.55 |  +0.70 

8 4.73 | +0.11 +0.41 

9 4.73 +0.03 | 

10 | 5.00 me, +0.11 
11 4.85 | +0.13 +0.66 +0.72 
12¢ 4.95 | +0.08 +0.14 +0.22 
13 5.04 | +0.07 +0.16 | +0.11 
14t 5.04 | 0.00 +0. 26 | +0.25 
15t 4.88 | +0.05 +0.18 +0.21 
16 4.95 | +0.05 +1.12 +1.24 
17t | 4.88 +0.01 +0.14 +0.15 
18+ | 4.85 +0.06 +0.29 +0.25 
19t 4.85 +0.61 
20 5.00 +0.07 +0.54 +0.50 

ES ly pe eee +0 .043 +0.36 +0.41 
21 5.04 | —0.01 +0.12 
22+ 4.84 +0.19 | +0.14 
23+ 4.98 +0.16 | 40.12 
24 5.16 |  +0.07 +0.01 | +0.05 
25 4.89 | +0.07 +0.17 | +0.17 
26 4.99 | +0.08 +0.14 | +0.14 
27t 4.79 | —@.02 +0.07 | 40.13 
28+ | 4.95 | 0.04 40.09 | 4.0.08 
29¢ 4.96 +0.07 +0.19 | +0.15 
30t 4.85 —0.02 +0.15 +0.16 
ait 4.91 |  +0.04 | +0.04 | 40.08 
32 4.69 | +0.02 | +0.15 | +0.12 
yee — ——— 
Average ... +0 .026 +0.12 | +0.12 








* The filtrates for the first group (Samples 1 to 20) were obtained by filtration 


through “‘ashless”’ filter paper; for the second group (Samples 21 to 32) by filtration 
of the centrifuged supernatant through a sintered glass filter. 
t Fatty, more or less opaque serum. 
{ Contained 1 per cent by volume of hemolyzed erythrocytes. 
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ence of serum and is probably caused by occlusion or adsorption of protein 


on the precipitated crystals. 

Analyses by Deproteinization and by Ashing—In the first group (Table 
II, Series 2a and 3a, Samples 1 to 20), filtrates were obtained by separation 
from the coagulated protein through Munktell’s (9 cm.) No. 00 “‘ashless” 
filter paper. In the second group (Samples 21 to 32), filtrates were ob- 
tained by centrifugation, and filtration through sintered glass, as described 
under Procedure 3. In a test of the possibility of error in the precipitation of 
calcium oxalate in the presence of organic substances derived from serum 
and present in the trichloroacetic acid filtrate of serum (20, 29), the results 
for both groups were checked by analyses (Table II, Series 3b) of ashed 
portions of the same protein-free filtrates. 

The corrected results show that filtrates through paper (first group) 
gave widely varying results, all higher (by 0.03 to 1.12 milliequivalents per 
liter) than the true values found by direct ashing of the serum. The in- 
crement (from 1 to 24 per cent) was not only widely different among all the 
samples, but large variations were sometimes found among portions of the 
same filtrate poured through different papers. Furthermore, the average 
increment of +0.36 milliequivalent per liter was not significantly different 
from that of +0.41 found by ashing the same filtrates. These positive 
errors, therefore, occur during the steps of deproteinization and filtration, 
and are not of organic origin, but definitely represent calcium. 

In the second group of Table II, the error of the filtrate analyses was 
reduced, both in range of variation, and in average, to +0.12 milliequiva- 
lent per liter, statistically significant in difference from the true, directly 
ashed values. Ashing of the same filtrates, not poured through filter 
paper, gave values in complete agreement, also indicating an average error 
of about 2.5 per cent incurred in deproteinization (and filtration). Again, 
this increment actually represents calcium, and not an organic reduction 
of Ce(SO,): in measurement. . 

The difference in results for filtrate (Series 3a and 36) for the two groups 


of Table IT represents calcium acquired as an impurity in filtration through 
filter paper. The error of +0.12 milliequivalent per liter found when filter | 


paper was not used must be regarded as common to both groups of meas- 


urements, and represents an increase in concentration of filtrate calcium | 


incurred in the deproteinization process itself. In direction and in magni- 
tude, this error corresponds to the effect of volume displacement of fluid by 
protein precipitate, as found in other methods in which aliquot portions of 
protein-free filtrates are used for analysis (42, 34, 13). 

Analyses of Previously Decalcified Serum with Known Calcium Added— 
These experiments served (1) to check the reagent errors for serum due to 
ashing and deproteinization, with elimination of the complicating factor 
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of volume displacement from the latter, and (2) to prove conclusively that 
calcium can be completely removed from serum by direct precipitation. 

In proportions previously used ((45) p. 228) 2 volumes of serum, 3 of 
water, and 1 of ammonium oxalate were mixed, and the calcium precipi- 
tated overnight in two tubes. The dilute sera were then centrifuged and 
the supernatant fluids poured through sintered glass filters. To the ash 
and to the trichloroacetic acid filtrate of portions of this decalcified ma- 
terial equivalent to 1 cc. of serum, were added known amounts of calcium. 
Analyses were performed according to Procedures 1 and 3. As an ad- 
ditional control, errors due to the deprotejnization reagents were also de- 
termined. The known salt solutions were analyzed in each case, in the 
presence of the same reagents used in the analysis of the decalcified serum 
sample filtrate, exactly as described for Procedure 3a. 

; 
Tasie III 


Analyses of Ash and Trichloroacetic Acid Filtrates of Previously Decalcified Serum 
with Known Calcium Subsequently Added (6.00 Milliequivalents per Liter) 


The results are expressed in milliequivalents per liter. 








Sample Sample Sample | Sample | Sample | Sample | Sample 
1 2 3 4 5 6 7 


| | 


Calcium added to 








I. Ash of decalcified serum.| 5.14 | 5.10 | 5.12 | 5.13 5.13 | 5.28 | 5.16 
II. Trichloroacetie acid fil-| | | | | 
trate of decalcified) | 
serum. . ....| 5.16 | 5.11 | 5.15 | 5.08 | 5.17 | 5.28 | 5.19 








III. Deproteinization re-| 
agent blank. . ..| 5.19 | 5.13 | 5.08 | 5.13 | 5.18 | 5.32* | 5.15* 





* Ash of deproteinization reagent blank, + Ca = 5.32 for Sample 6; 5.15 for 
Sample 7. 


Table III constitutes a complete verification of the results presented in 
previous sections. In Line III, with the exception of Sample 6,” the error 
for deproteinization reagents is in statistical agreement with the average 
error of +0.16 milliequivalent per liter previously found (Table II). The 
agreement of results in Line II with thosein Line III indicates that the error 
for deproteinization reagents remains the same, even in the presence of serum 
protein-free filtrate. Likewise, the results of the ashed serum, Line I, are in 
statistical agreement with the error for the ashing reagents of +0.12 milli- 


” We have no explanation for these results, which indicate a consistently high error 
for the three different types of analyses of Sample 6 carried out the same day. Failure 
of complete preliminary decalcification of the serum is not a factor, since the same 
error was found for deproteinization reagents used with salt solution alone (Line 
III). Use of the same reagents for simultaneous serum analyses (Table II, Sample 
30) resulted in little more than the expected average error. 
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equivalent found for salt solutions (Table I, Series 2a). The results of Table 
III show clearly that the native calcium in the original whole serum wag 
completely precipitated in the preliminary, direct decalcification. 

Procedure 3 for trichloroacetic acid filtrates was also carried out op 


decalcified serum to which no calcium was subsequently added, with fil- 


tration through Munktell’s No. 00 filter paper instead of sintered glass, 
The “extra calcium recovered”’ from these filtrates (from 0.22 to 0.8 


milliequivalent per liter) was of the order of magnitude previously found | 


(45), and now proved to represent a summation of filter paper and reagent 
errors, and not residual calcium unprecipitated from serum by the direet 
(decalcification) procedure. 


DISCUSSION 


The foregoing results are indicative of the origin of most of such error 


in analyses of serum calcium as occur in the precipitation of calcium oxa- 

late under different conditions. Failure of previous workers to reconcile 

results by such different methods may be explained in most cases by the 

fact that some of these errors have hitherto been unrecognized, while 

others, although anticipated, have escaped detection or adequate contrdl 

by the usual tests or blank analyses for contaminants. Parallel and com- | 
parative analyses of known calcium solutions, however, furnish corrections 

suitable for each type of analysis and lead to complete agreement in results, 

whether the serum calcium is precipitated directly, from the ash, or from 

the deproteinized sample. 

Some of these errors are common to all analyses of the same type, re 
gardless of the sample used. Filter papers have been found to contain 
calcium. Consequently, their use leads to contamination of the sample. 
Because the error varies from one paper to another, filtrates or supernatant | 
fluids in micro calcium analysis should be centrifuged, or passed only | 
through sintered glass. In our experiments, the conditions of which | 
correspond to those of prevailing techniques, calcium has not been quan: | 
titatively precipitated, if at all, when present in concentrations less than | 
0.26 milliequivalent per liter (1.80 milliequivalents per liter of original | 
sample). This observation, therefore, not only accounts for the failure 
to detect in blank analyses calcium present in small amounts as an im | 
purity in reagents, but also casts doubt on the validity of most serum calcium ) 
values in the literature lower than 3 mg. per 100 cc. of original sample. It} 
is clear that errors of contamination from reagents, whether from calcium 
as an impurity or oxalate as a coprecipitate, must be evaluated under| 
actual analytical conditions in the presence of calcium in known, normal | 
serum concentration. 

Other errors occur only in serum analyses. Proteins in serum give rise 
to additional errors not reproducible in, or controllable by the analysis of 
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known salt solutions. The reduction of the oxidant by protein in the 
direct precipitation method and the effect of volume displacement in the 
deproteinization procedure cause positive errors of the order of magnitude 
of 0.8 and 2.4 per cent, respectively. Correction for these errors may be 
applied only on the basis of many comparisons of results (all corrected for 
reagents) with those obtained by ashing. For analysis of serum calcium, 
although the ashing procedure is theoretically the best for standardization 
purposes, the method of choice involving the minimum of technical detail 
and correction for error appears to be the direct precipitation procedure. 
Analyses of deproteinized serum are the least satisfactory in that a greater 
number of errors may occur. 

That a variation in the foregoing errors, or the occurrence of others not 
found or considered in this work, may arise from differences in the chemical 
composition of pathological sera remains a possibility, despite the fact 
that within the range of pathology presented by clinical material from 
dispensary patients no such factor of error in any of the methods used has 
been observed in our experiments.” 


SUMMARY 


A comparative study has been made of the factors of analytical error 
involved in the precipitation of serum calcium as oxalate, under various 
conditions. Analyses of known salt solutions and of serum, by direct 
precipitation, ashing, and deproteinization techniques, indicate the fol- 
lowing as sources of error: contamination by calcium from filter paper and 
reagents and by non-calcium oxalate in coprecipitation, the reducing ac- 
tion of serum in direct precipitation, and the fluid volume displacement of 
proteins in deproteinization. Together with an explanation of their origin, 
methods of eliminating these errors or of evaluating them accurately have 
been presented. The application of such corrections quantitatively recon- 
ciles the apparent discrepancies among the three methods. In these 
analyses, calcium oxalate may be precipitated at pH from 4.0 to 7.5. 
For both accuracy and simplicity, the technique of direct precipitation is, 
in most cases, the method of choice for the determination of serum cal- 
clum as oxalate. 
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NOTE ON THE GASOMETRIC DETERMINATION OF OXALIC 
ACID AND CALCIUM 


By JULIUS SENDROY, Jr. 


(From the Department of Experimental Medicine, Loyola University School of Medicine, 
and Mercy Hospital, Chicago) 


(Received for publication, November 23, 1943) 


Several practical modifications and precautions in the use of the Van 
Slyke-Neill (4) apparatus for the gasometric analysis of serum calcium 
(Van Slyke and Sendroy (6), pp. 221-224) have been found advantageous 
in the performance of many analyses (2). The following departures from 
the original technique add to the convenience and accuracy of measure- 
ment of the isolated calcium oxalate. 

After the addition of 2 ec. of hot 1 N sulfuric acid to dissolve the washed 
calcium oxalate, the centrifuge tube is cooled and the outside rim smeared 
with hot, molten paraffin, which then solidifies in a thin film. For avoid- 
ing loss of solution in decantation, this has been found more satisfactory 
than vaseline, especially for tubes without lipped rims. Transfer of the 
acid solution to the cup of the Van Slyke-Neill (4) chamber, with repeated 
decantation and washing, is then carried out with 5 cc. of water, to bring 
the volume of solution in the chamber to a total of 7 ce. 

The liberation and measurement of CO, in the gas apparatus are carried 
out as previously described, except that 5 drops of saturated Ce(SO,)s 
in 1 n H,SO, are used instead of 1 cc. of acidified 0.15 n KMnQO,. The 
advantages of using a cerium solution, which may be made from Ce(SO,4)s, 
or preferably Ce(HSO,), anhydrous (G. Frederick Smith) ((1) p. 244), 
are several: indefinite stability, eliminating the need of freshly prepared 
oxidant; a stoichiometrical yield of CO, from H2C,0,; a lowering of the c 
correction for the blank; and greater ease in cleaning the extraction chamber 
after the addition of the alkaline CO, absorbent (1.5 cc. of 5 Nn NaOH). 

For the calculations, Table I of Van Slyke and Sendroy (6) is used, al- 
though the conditions of analysis described are different from theirs. 
Analyses of standard solutions have shown that the yield of CO, from oxalic 
acid reacting with Ce(SO4)2 is practically theoretical, as against the 99.4 
per cent previously found with KMn0O, (6). On the other hand, the increase 
in total fluid volume (S) from 7.0 to 7.2 to 7.3 cc. requires an increase in the 
correction factor for unextracted CO, (Equation 1, Van Slyke and Sendroy 
(5)) of about 0.5 per cent. Thus, the net effect of the differences in tech- 
nique is practically nil, and the original factors (6) apply directly without 
change. 
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The necessity of cleanliness and adequate washing of the extraction chamber 
between analyses must be emphasized. The best technique found is as fol- 
lows: The basic black precipitate obtained on addition of the COz absor- 
bent is ejected. The chamber is washed with water and three times with 
1 nN H,SO,. In the last washing, the acid is permitted to drop below the 50 
ec. mark, so that the connecting tube to the manometer, down to the be- 
ginning of the first bend, is also washed. With the mercury leveling bulb 
in high position, the acid is then successively ejected through both bores of 
the stop-cock of the chamber, as the stop-cock is opened and closed twice 
in each position. The left-hand bore is resealed with mercury. 

The washing thus carried out tends to avoid contamination by alkaline 
carbonate ground in with the stop-cock lubricant and freed in the course of 
a subsequent analysis. It also clears the chamber of alkali and of the in- 
soluble white residue of mercurous sulfate first formed by reduction of 
excess oxidant by mercury. Ultimately, owing to its adhesion to traces of 
lubricant adhering to the glass at the 50 cc. mark, there may be, in spite of 
all washing, an accumulation of this precipitate at that point. We have 
found that when this accumulation is sufficiently great the reaction of 
H.C,0, with Ce(SO,)2, as shown by the CO, evolved, is not complete after 
3 minutes. Subsequent shakings and rereadings at 1 minute intervals will 


ultimately yield a value approaching, but not quite attaining, a stoichio- | 


metrical result. Experimental verification of this retardation effect, 
probably the result of further reduction of Ce(SO,)2 by Hg2SO,, was ob- 
tained by analyses of known oxalate solutions to which Hg.SO; suspended 
in 1 n H,SO, had purposely been added, prior to the reaction with Ce(SO,)s. 

Failure to obtain constancy in readings following the initial extraction for 8 
minutes is a certain sign of an unclean extraction chamber. By washing the 
chamber with cleaning mixture for each day’s use, so that adhering par- 
ticles of Hg.SO, are removed, all trouble of this kind may be avoided. 

In time, the manometer of the apparatus often becomes difficult to read, 


because of the residual ethylene glycol (3) drying agent, which adheres in | 


droplets to the glass of the mercury column. As the mercury loses its 
wetting contact with the glass, its meniscus becomes less distinct. By the 
addition of 1 part of Triton NE (Réhm and Haas) to 20 parts of the ethy- 
lene glycol, the glass remains clear and clean, while smooth flowing mercury, 
in intimate contact with it, presents an undeformed, sharp meniscus. 
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CONVERSION OF d-GLUTAMIC ACID TO PYRROLIDONE- 
CARBOXYLIC ACID BY THE RAT* 


By 8. RATNER 


(From the Department of Biochemistry, College of Physicians and Surgeons, Columbia 
University, New York) 


(Received for publication, December 4, 1943) 


The metabolism of the unnatural forms of many amino acids resembles 
that of their natural isomers in so far as both may undergo oxidative 
deamination to the same keto acid which may then be reaminated. Lysine 
is exceptional, for the natural isomer is apparently not regenerated once 
nitrogen has been removed (1), whereas d-lysine is so slowly degraded that 
when an even comparatively small amount is administered much of it is 
excreted unchanged (2). 

l-Glutamic acid is known to be very rapidly deaminated and reaminated, 
both in vivo (3) and in vitro (4), but d-glutamic acid largely escapes deami- 
nation (5). In order to follow the metabolic fate of the d-amino acid, an 
isotopic preparation of di-glutamic acid, containing N™ in the amino group 
and deuterium. attached to the a- and 8-carbon atoms, was fed to rats. 
As in the case of d-lysine, the urine excreted by these animals contained 
more N“ than could be accounted for as urea and ammonia (last column, 
Table I). Most of the isotope present in the urinary urea and ammonia 
can be attributed to the rapid metabolism of the isotopic /-glutamic acid 
of the racemic compound employed for feeding. 

Glutamic acid could be isolated from the urine by precipitation with 
Neuberg’s reagent (6), but only after acid hydrolysis. The product proved 
to be the pure d variety. It contained the same concentration of isotopes 
as the starting material and was therefore identical with the d component 
of the isotopic dl-glutamic acid administered. From the data in Table I 
it can be calculated that 73 per cent of the ingested d form had been 
excreted. Furthermore, the fact that the concentration of deuterium had 
not changed after the ingestion and excretion indicates that no reaction 
involving the hydrogen atoms in the a and 8 positions of the d-glutamic 
acid had occurred. 

The compound actually excreted was readily extracted from the acidified 
urine by means of ethyl acetate. After purification through the barium 
salt, it was identified as the dextrorotatory form of pyrrolidonecarboxylic 
acid which corresponds to the unnatural form of glutamic acid. 


* This work was in part supported by a grant from the Josiah Macy, Jr., Foun- 
dation, 
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Exclusion of Pyrrolidonecarborylic Acid As an Artifact—In view of the 
metabolic significance of the excretion of pyrrolidonecarboxylic acid, the 
possibility that it may have been an artifact formed during the isolation pro- 
cedure was tested. From the data secured at 100° by Wilson and Can- 
nan (7), it appears that at pH 5 to 7, though at equilibrium only 2 per cent | 
is present as glutamic acid, the rate of reaction at room temperature would | 
be so slow that only negligible amounts of the pyrrolidonecarboxylic acid 
would be formed in the time available. At pH 2, where the rate is some. | 
what faster and equilibrium corresponds to about 90 per cent anhydride, | 
no conversion was observed when, as in the isolation procedure, glutamic 
acid was extracted continuously for 8 hours with ethyl acetate. The iso- 
lated pyrrolidonecarboxylic acid could therefore not have been formed 
from glutamic acid if this had been present in the urine. 

Glutamine is known to be spontaneously converted to pyrrolidone- 
sarboxylic acid in solution. According to Melville (8), at pH 7.8 and 37°, 


TABLE I 
Distribution of N® in Urinary Constituents after Feeding Isotopic dl-Glutamic Acid 


The values in the last column were calculated from the total nitrogen of the frae- 
tions and their isotope concentration. The animals consumed 477 microequivalents 





of N® excess. 








Total N N'5 concentration Amount of N® 
7 | “¢ m2. aiom per cent N™ excess microequivalents ; 
Urea......... Al, 100.0 | 0.104 | 104.0 
NH;. ate 2.4 | 0.020 0.5 
, Eee 108.3 | 0.257 278.3 








22 per cent is formed in 20 hours, and at pH 1.8 the same degree of splitting 
was observed by him in 5 hours. The formation of pyrrolidonecarboxylie 
acid from excreted glutamine may, however, be excluded on the following | 
grounds: (1) Glutamine, because of its free amino group, is precipitated | 
by Neuberg’s reagent, whereas pyrrolidonecarboxylic acid is not. (2) No} 
glutamic acid could be isolated from the Neuberg precipitate obtained | 
from the unhydrolyzed urine, but it was secured from the filtrate after | 
hydrolysis. (3) When a solution of glutamine at room temperature and | 
pH 2 was extracted with ethyl acetate for 8 hours, the nitrogen content 
of the extract corresponded to a 4 per cent conversion of glutamine t 
pyrrolidonecarboxylic acid. As this value presumably represents the 
resultant of the rates of formation and extraction, it indicates the extent 
to which recovery of spontaneously formed pyrrolidonecarboxylic acid 
might be expected if glutamine were present. 

Conditions were arranged in a second feeding experiment so as to mini- 
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mize possible conversion of glutamine, should it have been excreted. This 
was done by collecting the urine in tubes kept immersed in solid carbon 
dioxide. The specimens were allowed to warm up to room temperature 
only during an 8 hour extraction period. The alcohol-insoluble barium 
salt obtained from the extracted material contained nitrogen equivalent 
to 1.03 gm. of pyrrolidonecarboxylic acid and an approximately equivalent 
amount of barium. From this fraction, 0.60 gm. of pure crystalline mate- 
rial was finally obtained. On the basis of the amount of di-glutamic acid 
fed and the percentage of d isomer excreted, the maximum amount expected 
would be 1.56 gm. Thus at least two-thirds had been removed by extrac- 
tion with ethyl acetate. This is far in excess of what might be formed by 
spontaneous conversion and must therefore represent preformed compound. 

In spite of the observation (9, 10) that glutathione, when heated in 
aqueous solution, breaks down to yield pyrrolidonecarboxylic acid, it seems 
unlikely that the d-glutamic acid is excreted as a peptide. Peptides, with 
which conversion should occur much more slowly than with glutamine, 
are precipitated by Neuberg’s reagent. 

Physiological Significance of Pyrrolidonecarborylic Acid Formation—Free 
glutamic acid was found by Wohlgemuth (11) to be excreted by rabbits 
after administration of di-glutamic acid, but it cannot be judged from the 
description of the experiment whether or not hydrolysis may have occurred. 
The ease with which /(—)-pyrrolidonecarboxylic acid is metabolized when 
fed to rabbits is in accord with the possibility that it may occur physio- 
logically. Abderhalden and Hanslian (12) found none in the urine after 
administration, but did observe the excretion of d(+-)-pyrrolidonecarboxylic 
acid when the racemic variety was fed. This possibility is strengthened 
by the work of Woodward and Reinhart (13) who have found that both 
pyrrolidonecarboxylic acid and glutamic acid are formed in the enzymatic 
hydrolysis of glutathione, in a ratio which depends on the pH of the medium. 

The failure of d-glutamic acid to be metabolized can, as with d-lysine, 
be ascribed to its insusceptibility towards d-amino oxidase (14, 15). On 
the other hand, its dehydration in vivo is rapid and probably enzymatic. 

In the physiological conversion of proline to glutamic acid, pyrrolidone- 
carboxylic acid may be an intermediate, but no direct relationship has 
been demonstrated (16). 

EXPERIMENTAL 

Synthesis of Isotopic dl-Glutamic Acid—This was prepared from a-keto- 
glutaric acid by catalytic hydrogenation, with deuterium gas and isotopic 
ammonia as already described (17). The compound contained 4.53 atom 
per cent N” excess and 12.9 atom per cent deuterium. The latter was 


shown to be located exclusively in the a ard 8 positions (18, 19). 
First Feeding Experiment—Two male rats having a total weight of 
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587 gm. were maintained in metabolism cages on the customary casein diet 
(20) to which a total of 1.56 gm. of isotopic di-glutamic acid was added (as 
the monosodium salt) over a period of 3 days. The animals weighed 
597 gm. at the end of the experiment. Quantitative urine collections were 
made and found to contain 1.516 gm. of nitrogen and 0.257 atom per cent 
N® excess. Urea was isolated from a small aliquot as the dixanthydryl 
derivative. A total of 1.40 gm. of urea nitrogen was found to be present, 
containing 0.104 atom per cent N™ excess. The ammonia content was 
found to be 0.034 gm. and contained 0.070 atom per cent N*™. 

Of the 278 microequivalents of N“ found in the total nitrogen excreted 
(Table I) 104.5 microequivalents were present in urea and ammonia. Since 
all but 6 milliequivalents of total nitrogen have been accounted for as urea 
and ammonia, the unexplained 174 microequivalents of N“ must be mainly 
in the form of some other nitrogenous compound of very high N™ concen- 
tration. Half of the isotopic di-glutamic acid consumed was the unnatural 
form and contained 239 microequivalents of N“. Thus 73 per cent (174 of 
the 239 microequivalents ingested) had been excreted. 

Isolation of Glutamic Acid from Urine of First Experiment—The urine was 
concentrated in vacuo to about 30 cc. and filtered. The precipitate formed 
by addition of mercuric acetate and sodium carbonate (6) was decomposed 
with H.S and the filtrate, after removal of mercuric sulfide, concentrated 
to a syrup in vacuo. The residue was dissolved in a small volume of water, 
the solution was made strongly alkaline with barium hydroxide, and the 
alcohol-insoluble barium salts were precipitated by adding 3 volumes of 
alcohol. Barium ion was quantitatively removed from the insoluble frae- 
tion, which contained 5 mg. of N; the filtrate was concentrated to 1 cc. and 
saturated with HCl. No crystals appeared after 2 weeks at 5°, nor after 
hydrolysis for 3 hours followed by prolonged chilling. The alcoholic 
mother liquor was, after removal of the alcohol, treated in a similar manner, 
but no glutamie acid could be isolated either before or after hydrolysis. 

The filtrate from the Neuberg precipitation was then investigated. This 
solution, which was expected to contain the desired material, but no 
glutamic acid as such, was acidified with HCl and mercuric ion removed as 
usual. The filtrate was concentrated to a small volume in vacuo and 
heated on a steam bath for 4 hours in 5 Nn HCl. Excess HCl was removed 
in vacuo and the residue taken up in water. This fraction was treated 
with mercuric acetate and sodium carbonate and the precipitate treated 
in the manner described above for the isolation of glutamic acid hydro- 
chloride via precipitation of the barium salt in alcohol. The insoluble 
barium salt contained 20 mg. of N. After three recrystallizations from 
20 per cent HCl, 170 mg. of pure glutamic acid hydrochloride were obtained. 
It contained 4.32 atom per cent N™ excess and 12.55 per cent deuterium 
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(calculated as free glutamic acid). Nitrogen (Kjeldahl) 7.5 per cent (the- 
ory 7.6 per cent); [a]? = —24.9° (3.02 per cent in 1 n HCl). 

Second Feeding Experiment—Two male rats, total weight 590 gm., were 
treated as in the first experiment except that 4.16 gm. of ordinary dl- 
glutamic acid were consumed over a 4 day period. The collection tubes 
attached to the metabolism cages were kept immersed in dry ice continu- 
ously and replaced daily. Since half of the amount fed, 2.08 gm., was 
the unnatural isomer, about 75 per cent of which, according to the results 
of the first experiment, is excreted, an excretion of 1.56 gm. calculated as 
glutamic acid may be expected from this experiment. 

Isolation of Pyrrolidonecarborylic Acid from Second Feeding Experiment— 
The daily urine collection was acidified with dilute sulfuric acid to pH 2, 
filtered, and extracted continuously for 8 hours with ethyl acetate. The 
aqueous layer remained at room temperature throughout this period. The 
oily residue obtained by concentrating the combined extracts in vacuo did 
not crystallize. 

Separate experiments with known samples of pyrrolidonecarboxylic acid 
indicated that though the barium salt of the racemic compound was soluble 
in aleohol, the solubility of the l-barium salt was low enough to permit its 
use for isolation. The ethyl acetate-soluble product was therefore con- 
verted to the barium salt by dissolving in 4 cc. of water and slowly adding 
powdered Ba(OH), with chilling (to avoid hydrolysis) and stirring. When 
pH 7 had been reached, insoluble material was removed and 5 volumes of 
ethyl alcohol were added to the clear solution with cooling. The sticky 
precipitate was centrifuged off, dissolved in water, and barium was quanti- 
tatively removed with sulfuric acid. The filtrate contained 112 mg. of N 
(8.0 milliequivalents), approximately equivalent to the amount (8.5 milli- 
equivalents) of barium removed. Traces of nitrogen-free organic acids 
were removed by extraction with ether. The solution was brought to dry- 
ness and the residue dissolved in ethyl alcohol. On addition of ether, con- 
taminating pigments precipitated out and were filtered off. The clear 
solution was allowed to stand at 5° for several days. The resulting 605 mg. 
of crystalline material were recrystallized three times from alcohol-ether; 
m.p. 156-159° (uncorrected); N (Kjeldahl) found 10.9 per cent; theory 
10.9 per cent; [a]? = +11.4° (4.5 per cent in water). From 120 mg., by 
hydrolysis in 20 per cent HCl for 3 hours, 134 mg. of d(—)-glutamic acid 
hydrochloride, m.p. 202° (uncorrected), were obtained. N (Kjeldahl) 
found 7.6 per cent; theory 7.6 per cent; [a]? = —24.9° (3.37 per cent in 
1 HCl). 

SUMMARY 


1. Isotopic di-glutamic acid containing N” in the amino group and deu- 
terlum attached to the a- and 8-carbon atoms was fed to full grown male 
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rats in small amounts by daily additions to the normal stock diet over a 


period of 3 days. 

2. Approximately 75 per cent of the ingested d component was excreted 
in a form in which the amino group was not free. Optical rotation and 
isotope analyses of the glutamic acid isolated after hydrolysis have shown 
it to be identical with the d component of the isotopic dl-glutamic acid 


administered. 
3. The ability of the rat to convert d-glutamic acid into d-pyrrolidone- 


carboxylic acid has been shown by direct isolation of this from the urine. 
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STUDIES ON KETOSIS 
XXII, THE METABOLISM OF CELLOBIOSE * 
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(From the Department of Biochemistry and Nutrition, University of Southern California 
School of Medicine, Los Angeles) 


(Received for publication, December 6, 1943) 


Although cellulose cannot be utilized in the higher animals with the ex- 
ception of the ruminants, there are no exact data on whether such hydroly- 
sis products as the disaccharide cellobiose may be available. This sugar 
differs from maltose only in that it possesses a 8- rather than an a-glucoside 
linkage. No enzyme is known in the gastrointestinal tract which possesses 
the ability of hydrolyzing the 6-glucoside linkage; however, it is possible 
that this splitting may result from a phosphorolysis and that such a reac- 
tion can be brought about in the gastrointestinal tract during digestion and 
absorption. 

In the present experiments an evaluation of the absorption of cellobiose 
has been made by the usual Cori technique. After it was found that cello- 
biose could be absorbed, a comparison of its glycogenic ability and ketolytic 
activity was made with glucose given in similar amounts. 


Procedure 


Studies on absorption and on glycogen formation were made 6 hours after 
administration of the disaccharide in a 12.5 per cent solution. The re- 
ducing sugar was determined by the Shaffer-Hartmann procedure on the 
filtrate following the precipitation of the proteins by ZnSO, and NaOH 
according to Somogyi, after the gut had been homogenized in the Waring 
blendor. Amytal was used as an anesthetic. The method of Good, 
Kramer, and Somogyi (1) was used to determine liver and muscle glycogen. 
Muscle glycogen was estimated on the gastrocnemius muscle which was 
exposed and frozen in situ. The ketolytic activity was determined on rats 
having an exogenous ketonuria produced by the administration of sodium 
butyrate in an amount equivalent to 75 mg. (calculated as acetone) twice 
daily (2). The rats received in addition physiological saline (control group), 
cellobiose, or glucose in an equivalent volume of solution. The determina- 
tion of the acetone bodies was carried out by the Van Slyke procedure and 


*These data have been presented to the Graduate School of the University of 
Southern California in partial fulfilment of the degree of Master of Arts by Carroll 
E. Vaniman. 
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the usual macro-Kjeldahl method was used for the determination of urin- 
ary nitrogen. 

Cellobiose was determined by the Shaffer-Hartmann procedure. The 
comparative equations for the estimation of cellobiose (I) and glucose 


(II) were as follows: 


Mg. cellobiose = 0.2847’. D.c + 0.030 (I) 
““ glucose = 0.1327. D.¢g — 0.015 (II) 
Tasie I 


Comparative Absorption of Glucose and Cellobiose in Fasting Female Rats, Content of 
Reducing Material in Fasted Rats, and Recovery of Administered Cellobiose 
in Animals Sacrificed Immediately 





| 


























| | Cellobiose Glucose 
oe ay Recovered* |  Absorbed* | Re. | 
jae present) Fed | m4 ~) Meth. | Meth. | 02% sorbed 
| | Method 1 | Method 24 | od tf | od 2 | ered | | 
—|—|—_|_ | | —— | —|— 
| gm. mg. | me. | mg. per Son| 9 per “00 meg. | per 100 
| | Sq.cm. | $q.cm. Sq. cm. 
Fasting con-| | 
trols........| 10 | 198 | 0 5.0 
Cellobiose ; | 
killed imme-| | | | 
diately...... | 10 | 194 221.5 217.3 | 209.6 | | | 4.8 | 
he | 98.2 + 0.8f) 94.7 + 1.11) a 
Cellobiose ; | | | | | 
killed after 6} | | |__| | 
bre.... ..| 10 | 220 (239. 5 137.8 132.2 5.34) 5.62) 3.2 
| | | +0.36/40.27) | 
Cdidiiet weet | fort | | | 
ie aaa | 78.3 





after 6 hrs§. | 26 


* Including the standard error of the mean calculated as = Vsa/nl Va, 
where d is the deviation and n is the number of experiments. 








t Method 1 involes a calculation based on direct application of Equation I, while | 


Method 2 involves the calculation based on Equation ITI. 


t Percentage recovery. 
§ Experiments of Deuel, Hallman, Murray, and Samuels (6 


where 7.D.¢ and T.D.g represent the titration difference in cellobiose and 
and glucose respectively. In order to determine cellobiose in the presence 
of glucose in the contents of the gut, it was necessary to determine the ti- 
tration difference before and after a 90 minute hydrolysis with n HCl. 
The values then were calculated by the following equations obtained 
mathematically by solution of (I) and (II). 
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0.038(7. Da — T. D.z) — 0.004 


. cellobiose (before hydrolysis) = —————4—_—- "~~ 

Mg. cellobiose (before hydrolysis 0.166 (IIT) 
0.0397. D.z — 0.017T. D. 0.007 

“glucose (before hydrolysis) = Se he (IV) 


where 7’. D.4 and T. D., represent the titration difference after hydrolysis 
and before hydrolysis (due to cellobiose and glucose). 

These formulae were tested empirically in the laboratory with various 
proportions of cellobiose and glucose and found to give satisfactory results 


TaBie II 


Liver and Muscle Glycogen of Female Rats Previously Fasted 54 Hours or Given 
Cellobiose or Glucose 6 Hours Previously 
































| Liver glycogen Muscle glycogen 
"eh Fishers ey * LanGa | Fisher # 
Boy nuit | queineanieinetaieail 
weight . M. D. | Sig. . ‘. Te > <e 
Per cent nu.’ Calcu- nif Fer cont y 3 Calcu- — 
lated aint | a lated valuet 
Te —— |—— | —|- PSS asl 
| sm. | | 
Fasting | | 
+ controls..| 206 | 0.03 + 0.01 | | 0.24 + 0.01 | | | 
Pe (14) (8) 
Cellobiose..| 203 | 0.38 + 0.03 | 11.07 (10.65) 2.78) 0.30 + 0.02 | 2.68) 2.59) 3.01 
(14) mH 4 2.16§ 
Glucose. . 205 | 0.52 + 0.04 | 11.87 (|14.11) 2.84) 0.30 + 0.02 | 2.68) 2.52) 2.98 
(8) | 2.80) | | | (8) | | 2.14§ 


' 








* Including the standard error of the mean. The values in parentheses are the 
number of experiments included in the averages. 

t Ratio of the mean difference to the standard error of the mean difference when 
compared with the controls. 

t Based on a P value of 0.01. 

§ Based on a P value of 0.05. 


| Comparison of glucose and cellobiose groups. 


when the concentrations were adjusted to give titration differences between 
2and 10 cc. Attempts to determine glucose and cellobiose in a mixture by 
fermentation of the latter by washed bakers’ yeast’ were unsuccessful, as 
6 to 9 per cent of the cellobiose was also fermented. In the presence of 
glucose as much as 70 per cent of the cellobiose was fermented in a 15 
minute interval. Myrbiick (3) has reported that several yeasts including 
Saccharomyces fragilia ferment cellobiose slowly. 

Female rats from our stock colony were used throughout because of the 
lower and more constant level of liver glycogen during fasting (4) and be- 


! Fleischmann’s. 
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cause of their greater susceptibility to the development of an exogenous 
ketonuria (5). Cellobiose was obtained from the Eastman Kodak Com- 
pany. It gave the theoretical specific rotation of +35.2°. Pfanstiehl’s 
c.P. glucose was used. 


Taste III 
Comparative Ketolytic and Protein-Sparing Action of Glucose and Cellobiose on 
Exogenous Ketonuria of Fasting Female Rats 
The results are expressed in mg. per 100 sq. cm., including the standard error of 


the mean. 


| 











Acetonuria Urine nitrogen 
< A Rag Fisher ¢ 
| 8 a, Te : 2 
|2nd day|3rd day/4th day | Aver rk | a ¥ | od } ase | . | 3 | a3 
o ‘Ba, | a; 2 es 
- | 5 a 
sm. | 

Controls, (208) 53.4) 76.8) 88.0) 72.7 | 43. 2| 35.5) 30.0) 36.4 
0.9% +10.1)+12.0;4+10.8)+7.1 e2.3)+1.4)41. 21.4 
NaCl (10) | (10) | (9) | (29) 

Cellobiose, |202| 34.6; 36.2) 35.0) 35.3/4.28) 38.3) 32.5) 26.5) 32.4/2.09/2.06/2.58 
23.75 mg. +7.9) +8.3) +8.8)4+4.9 +1.9)+1.7;41.1/+1.3 1.96} 
per 100 (10) | (10) | (10) | (30) 
sq. em.| | a. pociq 
twice ye | | 
daily a | 

Glucose, 25|200 33.8) 37. 6| 37.6) 36.3/4.48| 42.2| 31.9] 29.1) 34.4|1 .05/1 0412.58 
mg. per | +5.6| +5. 7| +5.7|+3.7 +1. 6l-t1. 641. 0\+1.3 -_ 
100 sq. | | 0) | | (0) | (10) | (30) | | a 
em. twice! 7 
daily | pabaste ob oo 4 pg 





* Ratio of the mean difference to the standard error of the mean difference when 


compared with the controls. 
t Based on a P value of 0.01. 
t Based on a P value of 0.05. 


Results 


The absorption tests with cellobiose are given in Table I, which also 
records the value of reducing material in the intestinal contents of fasted 
rats. Tests are also given of the recovery of cellobiose from the gut when 
the animals were killed immediately after administration of the sugar. 

The amounts of liver and muscle glycogen of female rats which had been 
previously fasted for 48 hours, or which had received a single administra- 
tion of cellobiose 6 hours previously after a similar fasting period, or whieh 
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had been administered six doses of glucose at hourly intervals after fasting 
are recorded in Table II. 

Table III records the results of experiments in which the ketolytic effect 
of cellobiose or glucose is compared with an exogenous ketonuria produced 
by administration of sodium butyrate. 


DISCUSSION 


The present experiments would seem to indicate that the normal rat is 
able to utilize cellobiose as a source of carbohydrate. Such utilization is 
apparently limited by the rate at which the cellobiose is hydrolyzed in the 
gut. 

The proof of the utilization of cellobiose is based on five experimental 
considerations; 7.e., the disappearance of the disaccharide from the gut, the 
simultaneous appearance of increased liver and muscle glycogen, the 
demonstration of a ketolytic effect on exogenous ketonuria, and a sparing 
action on protein metabolism. The effectiveness of the cellobiose is equal 
to that of glucose. Although slightly greater amounts of liver glycogen 
resulted from feeding an amount of glucose calculated to be equivalent to 
the cellobiose digested and absorbed, the difference was not significant sta- 
tistically. Identical values were found for muscle glycogen and the lower- 
ing of ketonuria was the same after equivalent doses of cellobiose and 
glucose. A somewhat greater protein-sparing action obtains with the cello- 
biose group, although the differences are not significant statistically. 

The rate of absorption of cellobiose is about one-half that of mannose 
which is 10.2 mg. per 100 sq. em. per hour. Based on a value of 100 for 
glucose, this would give the comparative value of 6.8 for cellobiose and 12.3 
for mannose. 

No glucose was found in the gut following the digestion of cellobiose. 
This is probably to be explained on the basis that the rate of hydrolysis of 
cellobiose is so slow that no glucose accumulates in the lumen of the gut. 

The fact that there is an identical lowering in ketonuria when similar 
doses of glucose or cellobiose are given would indicate that the disaccharide 
is quantitatively transformed to glucose and absorbed as such. Pre- 
sumably, because of the speed of the reaction (as determined from the 
glycogen deposition), this hydrolysis takes place in the small intestine. Al- 
though some strains of intestinal bacteria are capable of fermenting cello- 
biose, it is considered improbable that this is responsible for the utilization 
of the sugar. The formation of alcohol and acetic acids in such fermenta- 
tions which are not ketolytic would preclude such an explanation. Karrer 
and Tschan (7) have reported a cellobiase in the snail and it is possible that 
such an enzyme may be present in the gastrointestinal tract of the rat and 
that because of its low concentration its presence has been overlooked. 
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SUMMARY 


Cellobiose is absorbed in the rat at a rate of 5.3 to 5.6 mg. per 100 sq. cm. 
per hour. Its utilization is also indicated by the fact that liver and muscle 
glycogen are deposited following its absorption, the amounts being approx- 
imately the same as when amounts of glucose corresponding to that found 
from the cellobiose are given. Finally it was demonstrated that these 
sugars possessed equal ability to lower an exogenous ketonuria. It is 
believed that this indicates that the utilization of the disaccharide involves 
the hydrolysis to 2 molecules of glucose rather than a fermentation whereby 
much of the molecule would be converted to end-products which possess 
no ketolytic activity. 
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A METHOD FOR THE DETERMINATION OF THIOUREA 


By LEON C. CHESLEY 
(From the Margaret Hague Maternity Hospital, Jersey City) 


(Received for publication, December 3, 1943) 


The development of an accurate micromethod for the quantitative de- 
termination of thiourea in plasma or serum seems important for at least two 
reasons. (a) There is a possibility that thiourea may be used to measure 
total body water. Urea is known to be evenly distributed in all of body 
water, and thiourea may perhaps show a similar distribution. That it may 
do so is suggested by the work of Purple and Lavietes' who gave 0.1 gm. of 
thiourea per kilo of body weight to three individuals, and from the serum 
concentrations (10 to 15 mg. per 100 ml.) calculated the apparent volume 
of distribution as about 67 per cent of the body weight. This, of course, 
is consonant with the known proportion of the body weight represented by 
water, although the coincidence may be fortuitous. They were unable to 
continue with the investigation because of the gastrointestinal reactions 
to the doses of thiourea required. The more sensitive method here de- 
scribed for the measurement of thiourea would permit the use of well 
tolerated doses one-tenth of those used by Purple and Lavietes. (6) 
Thiourea has been used in the treatment of hyperthyroidism, and, as Ast- 
wood (1) points out, a method is needed for its determination in blood to 
permit analyzing more closely its effectiveness and mode of action. 

A search of the literature revealed several reactions given by thiourea, 
but the most promising of these seems to be the color reaction described by 
Grote (2). In the preparation of his reagent, sodium nitroferricyanide in 
alkaline solution is reduced to sodium aquoferrocyanide by hydroxylamine 
hydrochloride. Treatment of this substance with bromine gives sodium 
aquoferricyanide which, on standing in an alkaline medium, is converted 
to an unidentified compound. This last substance reacts with thiourea to 
give first a blue color, then purple-red, and finally crimsen. Since bromine 
interferes, it must be removed by aeration in Grote’s original procedure. 

In adapting this reaction to the quantitative determination of thiourea, 
we had a great deal of trouble in getting reproducible results. Some of the 
factors found to influence the reagent were the time intervals between the 
additions of the successive chemicals, the varying time required for them to 
dissolve, the amount of shaking in making up the reagent, and the size of 
the container in which it was made (surface exposed to air?). Since the 
removal of bromine by aeration introduced a very considerable variable, 


1 Lavietes, P. H., personal communication. 
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several other methods were tried; finally the addition of phenol was found 
to be satisfactory. In the modification of the reagent the crimson color 
reaction was lost, and as the method now stands a blue color is slowly 
developed. After coming to a maximum, this blue color very slowly fades, 
but never changes otherwise. Using the Evelyn macro colorimeter, one 
may read accurately final thiourea concentrations of 1 to 10 y per ml., | 
corresponding to serum concentrations of 0.4 to 4 mg. per 100 ml. 

Reagents— 

Approximately 3 N tungstic acid. Equal parts of 10 per cent sodium 
tungstate solution and of 3 n sulfuric acid are mixed just before use. 

Color reagent. Into a 50 ml. Erlenmeyer flask pipette 10 ml. of a 5 per 
cent solution of sodium nitroferricyanide, followed by 5 ml. of 10 per cent 
hydroxylamine hydrochloride. Mix by setting the solution whirling with 
a single flick of the wrist. After exactly 2 minutes, add 10 ml. of 10 per 
cent sodium bicarbonate and mix as before. Let stand exactly 10 minutes, 
at the end of which time add 0.11 ml. of bromine. Mix as before, and let 
stand for 10 minutes. Then add 5 ml. of 2 per cent phenol. After 10 
minutes, dilute a portion of this stock solution 1:20 with 0.05 m phosphate 
buffer solution at pH 6.0. The reagent is now ready for use. The time 
intervals between additions of successive chemicals can be varied from that 
given, but to get a reproducible color reagent, the same schedule must 
always be followed. 

The individual chemical solutions are good for at least 5 weeks, standing 
in plain glass on the open shelf; the nitroferricyanide solution will have 
deteriorated obviously (blue discoloration of flask), but can still be used. 
Both the stock and diluted color reagents are unstable and are not suitable 
for use after a few hours. Different lots of the individual chemicals give 
somewhat different color intensities. 


Procedure 


Precipitation of Serum (or Plasma) Proteins—1 volume of serum (plasma) 
is placed in a centrifuge tube, and an equal volume of the 7 n tungstic acid 
is added. The tube is closed and shaken vigorously. After a few minutes 
it is filtered, or centrifuged. Some protein will float on top of the super- 
natant fluid of the centrifugate. To get rid of this, the tube is gently 
agitated, and a small amount of absorbent cotton is used to wipe down the 
sides of the tube. The cotton is then pushed down just into the fluid, and 
the tube is recentrifuged. 

Preparation of Urine—Urine is simply diluted with distilled water, to get 
a concentration of roughly 2 to 10 y of thiourea per ml. The approximate 
degree of dilution can be estimated from the following considerations. The 
renal clearance of thiourea is close to that of urea (3), and the desired con- 
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centration of thiourea in diluted urine is half that in the serum (because the 

serum is diluted 1:1 in the protein precipitation). The maximal urea 

clearance, calculated for urine volumes greater than 2 ml. per minute, is 
UV 


Pp (1) 


Cn 
where V is reckoned in ml. of urine per minute, P is the plasma (or serum) 
concentration of urea, and U the urea concentration of urine. Since the 
average normal plasma clearance of urea (C,,) is 70, and U/P is to be 0.5, 
the dilution is given by rearrangement of Equation 1 as 140/V. When the 
urine volume is less than 2 ml. per minute, the urea clearance is calculated 
as the “standard clearance;”’ viz., 

UVV 
C=) (2) 

Since the average normal “standard clearance’’ is 54, the dilution can be 
calculated as 108/./V. In patients with diminished renal function, the 
numerator of the dilution factor may be multiplied by the per cent of normal 
urea clearance shown by the patient. 

Color Development—3 ml. of the serum (plasma) filtrate, or of the diluted 
urine, are pipetted into a colorimeter tube. To this are added 3 ml. of the 
diluted color reagent. Appropriate serum and dilute urine blanks are 
treated in the same way. 

Choice of Filter—Spectrophotometric analysis of the colored compound 
was not made, but a filter having maximum transmission at 580 my was 
selected for the following reasons. (1) This filter satisfied the logarithmic 
requirement; i.e., a plot of the logarithms of the galvanometer readings 
against the concentrations of thiourea gave a perfectly straight line over a 
wide range. (2) As Fig. 1 shows, the light absorption by the colored com- 
pound was maximal over the range of 580 to 620 my, as judged from read- 
ings taken with different filters. The use of a 600 my filter would improve 
the sensitivity of the method by only 2 to 3 per cent. This filter was not 
used merely because it was not available when most of the work was done 
on the method. 

Estimation of Color Intensity—The light transmission is measured in an 
Evelyn photoelectric colorimeter with a filter having maximum transmission 
at 580 mz. The center setting is obtained in the usual manner from the 
appropriate blank. The No. 6 aperture is used. 

Since different lots of color reagent vary somewhat in the rapidity with 
which they develop maximal color, readings are taken at 10 minute inter- 
vals and continued until the galvanometer readings are constant and mini- 
mal. In the serum determination, the time required for full color develop- 
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ment is usually 50 to 70 minutes, but occasionally may be as long as 3 hours. 
In the urine determination, the time is usually 20 to 40 minutes. The 
first reading may safely be taken at the minimal times just indicated. In 
general, the darker the reagent the faster it develops the blue color with 
thiourea. 

Calculation—W hen the logarithms of the galvanometer readings are plot- 
ted against the concentration of thiourea, a perfectly straight line is ob- 
tained between thiourea concentrations of 0 and 10 y per ml. in the final 
solution, corresponding to serum concentrations of 0 to 4 mg. per 100 ml. 

Therefore, calculation of the thiourea concentration may be made from 
the table of L values (2 — log G). For serum, the thiourea concentration 
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Fia. 1. The light absorption of the colored compounds formed at pH 3, 6, and 10 
Each point was obtained by use of a filter allowing maximal transmission at about 
the wave-length indicated. Each solution had developed maximal color when read- 


ings were taken. Thiourea concentration of 1.60 mg. per 100 ml. of pooled serum. 


in mg. per 100 ml. of serum (or plasma) is given by L/0.1640. In the urine 
calculation correction must be made, of course, for the dilution factor. 


EXPERIMENTAL 


Determination of Thiourea Added to Human Plasma, Serum, and Urine— 
Thiourea was added to pooled plasma (oxalated), pooled serum, and to each 
of several lots of citrated plasma from single individuals. In each experi- 
ment, a fresh lot of stock thiourea was made up, and fresh stock solutions 
for the color reagent were used. In each experiment, five different plasma 
or serum concentrations of thiourea were analyzed. In all, ten such ex- 
periments were carried out, with seventeen different thiourea concentra- 


tions. 
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The constant, k,, was then calculated by dividing each L value by the 
corresponding thiourea concentration in the serum or plasma sample. The 
average value for k, was 0.1640 + 0.0003. The error of single determina- 
tions was found usually to be less than 2 per cent. Fig. 2 shows the range 
and distribution of these errors. In addition to the 50 measurements 
described above, Fig. 2 also includes seventeen determinations made inci- 
dentally in other experiments. For serum or plasma concentrations of less 
than 1.000 mg. of thiourea per 100 ml. (shown in black in Fig. 2), a slight 
error in the galvanometer reading makes a fairly large percentage error. 
For instance, 0.50 mg. per 100 ml. of serum gives a galvanometer reading 
(@) of 82°. An error of a quarter of a division in G means an error of —1.4 
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PER CENT ERROR 


Fie. 2. The frequency distribution of errors in the analysis of sera and plasmas of 
known thiourea concentrations ranging from 0.2 to 4.0 mg. per 100 ml. The solid 
black indicates determinations of concentrations of less than 1 mg. per 100 ml. 


or +1.8 per cent in the final calculation. With a thiourea concentration 
of 2.00 mg. per 100 ml. of serum, an error of a quarter of a division in G 
means an error of —0.9 or +0.6 per cent. 

Similar experiments with urine gave results similar to those with serum 
and plasma. 

Magnitude and Variation of Blank—Sera, oxalated plasmas, and citrated 
plasmas were obtained from a total of twenty-seven patients. The proteins 
were precipitated with tungstic acid, and the filtrates treated with the 
dilute Grote’s reagent, as described above in the “Procedure.” No color 
developed in any of these blank sera or plasmas. When compared with 
blanks made up of water plus dilute Grote’s solution or with tungstic acid 
plus dilute Grote’s solution, the serum and plasma filtrates checked within 
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1 galvanometer division in all but one case. The majority checked exactly 
with the blank tungstic acid plus dilute Grote’s reagent. In one plasma 
blank, the light transmission was somewhat greater than that of the tung- 
stic acid blank; when the blank read 50° on the galvanometer, this one 
plasma read 54°. 

It may be concluded that the tungstic acid precipitation of proteins 
removes from blank serum and plasma all substances which give color with 
Grote’s reagent. 

In the routine determination of serum thiourea the center setting ranges 
from 66 to 72, and depends upon the color intensity of the Grote’s solution 
itself, which varies from day to day. (The center setting is obtained by 
adjusting the light intensity so that the blank serum filtrate plus dilute 
Grote’s reagent gives a galvanometer reading of 100.) 

Urines from ten patients were diluted according to the proportions de- 
scribed in the “Procedure.”’” None of these urines developed any color with 
the dilute Grote’s reagent, and all gave readings checking within | galvanom- 
eter division with blanks made up of distilled water plus dilute Grote’s 
reagent 

Interference by Exogenous Sulfur Compounds—No color was developed 
by the sulfonamides at the concentrations found in the sera or plasmas of 
patients under treatment with these drugs. 

Sulfocyanate, unfortunately, does develop a strong blue color with 
Grote’s reagent, even at serum concentrations as low as 2 or 3 mg. per 100 
ml. This means that sulfocyanate-available water and thiourea-available 
water cannot be measured simultaneously. Since thiourea does not de- 
velop any color in the sulfocyanate determination, the determinations can 
be made successively, the thiourea-available water being measured first. 

Stability of Thiourea in Serum, Plasma, and Tungstic Acid Filtrates— 
Thiourea seems to be stable for several days, at least, in serum or plasma. 
Determinations made on serum or plasma which had stood in the laboratory 
for a week checked with those made at once. In the tungstic acid filtrates 
the results are often variable after a day or two. 

Effect of pH—There are three effects of the acidity of the medium in 
which color is developed. 

(a) When the acidity is greater than pH 3, almost no color appears. 
From pH 4 to 9, at intervals of 1 pH unit in the experiments, a blue color 
is developed. Except at pH 9, this blue color does not change, other than 
to fade slowly after reaching a maximum. At pH 9 the blue gradually 
changes to pink. At pH 10 a pink color is developed. Fig. 1 shows the 
light absorption of the colored substances at pH 3, 6, and 10. Acidities 
from pH 3 to 8 give similar curves, with maximal light absorption between 
580 and 620 mu. At pH 10, the pink color shows maximal absorption at 


about 520 mu. 
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(b) The rate of color development increases with increasing pH, up to 
pH 9. Fig. 3 shows the color development at pH 4, 6, and 9. Curves for 
acidities between pH 4 and 8 (except pH 7) are similar to and fall between 
the curves for pH 4 and pH 6. At pH 7 the curve is very similar to that 
shown for pH 9. 

(c) The maximal color attained varies somewhat with the pH. In aque- 
ous solutions, the maximal color is the same between pH 5 and 8, though the 
rates of development vary. In the tungstic acid filtrates of plasma and 
serum, the color development is slightly greater at pH 6 than at any other 
acidity. Also the color seems to fade somewhat more slowly at pH 6. 

Effect of Temperature upon Rate of Color Development—The rate of color 
development was noted to be much faster in the hot summer months than 
in the cooler autumn. Detailed experiments upon the temperature effect 
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Fic. 3. The rate and degree of color development at pH 4, 6, and 9. Thiourea 
concentration of 3.75 mg. per 100 ml. of pooled citrated plasma. 


were not made. However, parallel determinations made at 21° and at 31° 
showed that maximal color was attained about twice as fast at 31°. 


SUMMARY 


A photoelectric method is described for the determination of thiourea at 
concentrations of 0.4 to 4 mg. per 100 ml. in biological fluids. Higher 
concentrations may, of course, be measured by dilution of the original 
samples. 

For the determination in serum or plasma, the proteins are precipitated 
by the addition of an equal volume of approximately 3 N tungstic acid. 

In the measurement of thiourea in urine, the urine is diluted according to 
the rate of urine formation. Working formulae are given for the dilution 
factors. 
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A modified Grote’s reagent is described, and certain precautions necessary 
in its preparation are outlined. 

A blue color is developed, at pH 6, when 1 volume of modified Grote’s 
reagent (diluted 1:20 in phosphate buffer) is added to 1 volume of serum 
(plasma) filtrate or diluted urine. 

Readings are taken at intervals with the Evelyn photoelectric colorim- 
eter. A filter allowing maximal transmission at 580 mu is used (Filters 
600 or 620 are also satisfactory; all three fulfil the logarithmic requirement), 
When maximal color has been developed, the reading is recorded for the 
final calculation. 

The error of single determinations in known plasma, serum, and urine 
concentrations of thiourea was usually less than 2 per cent. 

Blank values for serum, plasma, and urine are almost negligible. 

The sulfonamide drugs do not give any color, and therefore do not inter- 
fere with the measurement of thiourea. 

Sulfocyanate does give color with the modified Grote’s reagent, and there- 
fore interferes with the determination of thiourea. 

Thiourea is stable in plasma or serum for several days. 

There is a marked effect of pH in the medium in which color is developed. 
Best results were obtained by buffering to pH 6 with phosphate buffers. 

The rate of color development is accelerated with increase of temperature, 
at least in the range of temperatures likely to occur in the laboratory. 


BIBLIOGRAPHY 


1. Astwood, E. B., J. Am. Med. Assn., 122, 78 (1943). 
2. Grote, I. W., J. Biol. Chem., 98, 25 (1931). 
3. Nicholes, H. J., and Herrin, R. C., Am. J. Physiol., 186, 113 (1941). 


; 


| 





ary 


te’s 
um 


ers | 
at). | 


the 


‘ine 





AN IMPROVED THIOCHROME METHOD FOR THE 
DETERMINATION OF THIAMINE IN URINE 


By VICTOR A. NAJJAR anp KATHERINE C. KETRON 
(From the Department of Pediatrics, the Johns Hopkins University, Baltimore) 


(Received for publication, December 6, 1943) 


The standard thiochrome procedure for measuring thiamine as developed 
by Jansen (1) and perfected by Hennessy and Cerecedo (2) involves the 
adsorption of thiamine on a zeolite column, elution by KCl, treatment with 
alkali and ferricyanide to convert thiamine into the fluorescent thiochrome, 
extraction of the latter with isobutanol, and photometric measurement of 
the fluorescence of the isobutanol extract. A complicating factor in this 
procedure was discovered by Najjar and Wood (3) in 1940. They reported 
the presence in urine of a nicotinic acid derivative subsequently designated 
as F, (4), which was adsorbed and eluted together with thiamine and which 
exhibited greenish blue fluorescence after alkalinization and subsequent 
extraction with isobutanol. F, differs from thiochrome in that alkali alone 
will bring out its fluorescence, whereas alkali and ferricyanide are required 
to bring out the fluorescence of thiochrome. It would thus appear at first 
glance that by the use of a blank determination in which alkali alone is added 
rather than alkali and ferricyanide, and by subtraction of the fluorescence 
of the blank from that of the sample treated with ferricyanide, the true 
thiochrome fluorescence could be obtained and the error due to the presence 
of F; eliminated. Another method of eliminating the F; error was pro- 
posed by Mason and Williams (5). These investigators attempted to 
eliminate the F, error by running a blank determination on a sample treated 
with sodium sulfite to destroy thiamine. Presumably only thiamine was 
destroyed by this treatment and the difference between the blank and the 
thiochrome fluorescence was taken as the true thiamine reading. 

It is the purpose of the present communication to show that neither of 
these two procedures suffices to eliminate the error due to F, in the thio- 
chrome determination, an error which in the presence of a small amount of 
thiamine and of a large amount of F, may assume very significant dimen- 
sions. We have furthermore now developed a procedure in which this 
interfering factor is completely eliminated. 

The procedure of Mason and Williams is inaccurate because the sulfite 
treatment employed by them to destroy thiamine also destroys some F:, 
as we have been able to show by measurements on purified F, (6) freed 
from thiochrome. The older procedure of Hennessy and Cerecedo (2), in 
which the fluorescence of an alkali-treated blank is subtracted from that 
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of a sample treated with alkali and ferricyanide, we have found to be 
inaccurate for the reason that the ferricyanide used to oxidize the thiamine 
to thiochrome also affects the F;. The latter, a pyridine derivative, is 
converted into a pyridone which possesses only 21 per cent of the fluores- 
cence of the original F, with the optical system used by Hennessy and 
Cerecedo. It is obvious that this loss of F. fluorescence will have the 
effect of masking the increase in fluorescence caused by the production of 
thiochrome. Not infrequently, when the quantity of F, is well in excess 
of that of thiamine, the loss of fluorescence caused by the conversion of the 
pyridine into pyridone derivative exceeds the gain in fluorescence caused 
by the conversion of thiamine into thiochrome. Under such circumstances 
the fluorescence of the alkali blank is actually greater than that of the 
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Fie. 1. Relation between fluorescence of F, and oxidized F;. Each galvanometer 
unit is equal to 4 Najjar-Wood unit of F:, and is derived from 1/26 y of thiamine by the 
optical system of Hennessy and Cerecedo. The linear relation shown does not obtain 
at concentrations of F; greater than 4 Najjar-Wood units, since at these higher con- 
centrations the quantity of ferricyanide employed is insufficient to cause complete 
oxidation of Fs. 


sample treated with alkali plus ferricyanide, and the thiamine appears to 
be zero although in fact very appreciable quantities of thiamine may have 
been present. We have overcome this difficulty by the introduction of a 
correction factor for the reduction of fluorescence caused by the oxidation 
of Fy. 

In order to evaluate such a correction factor and to determine whether 
or not it was constant over a given range of concentration, a study was 
made of the effect of alkali and ferricyanide upon the fluorescence of sub- 
stances in the urinary eluate other than thiamine. Studies were made on 
(1) urine freed from thiamine by treatment with sodium sulfide and subse- 
quently adsorbed and eluted by the Hennessy-Cerecedo procedure, (2) 
eluates of urine treated with Mallinckrodt’s adsorbent charcoal to remove 
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thiamine and urinary pigments, and (3) on purified F; itself. It was found 
that treatment of each of these preparations with alkali and ferricyanide 
eaused a decrease in fluorescence to 21 + 0.5 per cent of the original value 
as measured with the optical system of Hennessy and Cerecedo. The 
accompanying graph (Fig. 1) illustrates the constancy of this loss of fluores- 
cence caused by oxidation over a considerable range of concentration. The 
results shown in Fig. 1 indicate that when the fluorescence of F; is plotted 
against that of oxidized F, the points form a straight line with a slope of 
0.21. In other words, the fluorescence of the oxidized (pyridone) com- 
pound is almost exactly 21 per cent of that of the reduced compound in the 
range of concentration in which measurements are ordinarily made. We 
have therefore introduced a correction for this effect into the thiamine 
determination. If the fluorescence of the alkali-treated aliquot is desig- 
nated A, that of the aliquot treated with alkali plus ferricyanide as AF, 
and that of the reagent blank as B, the fluorescence of the thiochrome in 
the aliquot will be represented by the expression (AF — B) — 0.21(A — B). 


Thiamine Method 


The analytical procedure and optical system employed are essentially 
those of Hennessy and Cerecedo. A sample of urine containing not more 
than 3 y of thiamine (5 to 25 cc. are used depending on the anticipated 
thiamine content) is adsorbed on a column of freshly attivated permutit. 
The column is eluted with 25 per cent hot KCl until 11 cc. of eluate are 
collected. Of this eluate two 5 cc. aliquots are taken, one for treatment 
with alkali alone (3 cc. of 15 per cent NaOH) and one for treatment with 
alkali plus ferricyanide (0.1 cc. of 1 per cent KsFe(CN).). After such 
treatment each aliquot sample is immediately extracted with 13 cc. of iso- 
butanol; it is shaken vigorously for 1 to 2 minutes and then centrifuged 
for 3 minutes at low speed. The isobutanol layer is separated in a separa- 
tory funnel; it is then cleared by the addition of a pinch of anhydrous 
Na,SO, and the fluorescence measured without delay. 

Calculation of the thiamine content involves a numerical factor which 
will vary with the instrument and the procedure used to standardize it, 
and will include the fraction of the original sample taken as an aliquot for 
analysis. Our standard of reference is a solution containing 1 y of thiamine 
chloride in 5 ce. of KCl, treated with alkali and ferricyanide and extracted 
with isobutanol exactly as is done with the aliquot of urinary eluate. 


Thiamine is calculated from the expression 
(AF — B) —0.21(A—B 11 
— ou ~ x . = micrograms thiamine in original sample 


in which A and AF represent the fluorescence (in galvanometer units) of 
the aliquots treated with alkali and alkali plus ferricyanide respectively, 
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B represents that of the reagent blank, and 7’ that of the thiamine standard 
in these same units. The diaphragm of the instrument is adjusted until 
the standard solution registers some convenient round number on the 


galvanometer scale, and the measurements on the unknown are made with 
this same adjustment. 

In practice it is convenient to use a quinine solution for standardizing 
the instrument each time a determination is made, since quinine solutions 
are stable. If the relation between the fluorescence of the quinine standard 
and thiamine standard is known, the instrument can be set at the standard 
adjustment with the quinine solution. For example, we find that a stand- 
ard solution containing 20 y per cent of quinine sulfate gives a fluorescence 
of 20 galvanometer units, whereas the thiamine standard mentioned above 
with the same adjustment of the instrument (after deduction of the reagent 


TABLE I 


Recovery of Variable Amounts of Thiamine Added to Thiamine-Free Urine Eluate 
Containing Constant Amount of F, 


Thiamine added to sample of Thiamine recovered 
eluate 





Hennessy-Cerecedo procedure Present procedure 
7 Y Y 
Be. ata 0.605 | 1.0 
0.75 0.354 0.73 
0.5 | 0.104 0.49 
0.25 0.0 0.26 
0.175 0.0 0.175 





* The eluate contained in each instance 2 Najjar-Wood units per 5 cc. 





blank) reads 26 units. Before use, we then adjust the instrument with the 
quinine standard to read 20 units and employ the following formula. 


(AF — B) —0.21(A — B) _ Ul : 7k see ot 
6 at micrograms thiamine in original sample 


In order to verify the procedure as outlined above the effect of thiamine 
additions to a urinary eluate was studied. Urine was freed from thiamine 
by shaking with Mallinckrodt’s adsorbent charcoal which at pH 3 to 
3.5 adsorbs thiamine along with urinary pigments. The clear filtrate con- 
taining the F, fraction was adsorbed on permutit and eluted with KCl. 
The F, concentration of this thiamine-free eluate was 2 Najjar-Wood units 
per 5 ce. Thiamine in variable quantities was added to this eluate and 
analyzed by the procedure described above. The results are shown im 
Table I. It is apparent that the present method permits an accurate 
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assay of thiamine even in the presence of an excess of F2, in contrast to the 
very incomplete recovery of thiamine if no correction for the oxidation of 
F, is introduced. 


Taste II 
Recovery of Thiamine Added to Thiamine-Free Urinary Eluates Containing Varying 
Amounts of F, 


Thiamine recovered 
Thiamine added to SS a ee eee =A 


F: present . os 
thiamine-free eluates cammaberscd Sent seeil 
Najjer- Wood units y ¥ + 
1.0 1.0 0.80 1.0 
2.0 1.0 0.60 1.0 
3.0 1.0 0.40 1.04 
4.0 1.0 0.21 1.0 
1.0 0.5 0.30 0.51 
2.0 0.5 0.11 0.50 
3.0 0.5 0.0 0.49 
1.0 | 0.25 0.05 | 0.26 
2.0 0.25 0.0 0.24 
3.0 0.25 0.0 0.24 








TaBe III 
Thiamine Concentration of Urine 
The values are given in micrograms per 100 cc. By the original thiochrome pro- 
cedure all v: alues were negative. 











Subject Present modification Yeast a method 





| (Frey)* 
- ae 264 1.3 | 1.5 
C.2... ne > oh 1.3 | 1.4 
Ay P.5). res ol 0.5 0.4 
H. K. 0.7 0.7 
G. B. | 2.6 | 0.7 
C. G. (2nd specimen). | 0.8 1.1 
os. * " 2.5 2.0 
AP. « aba sl 0.6 | 0.3 





2 These measurements were » made at the Fleischmann ‘Laboratories through the 
courtesy of Dr. C. N. Frey. 


Table II shows the recovery of an identical amount of thiamine added 
to a thiamine-free eluate containing variable quantities of F». 

As we have pointed out, the circumstances under which this modification 
is of the greatest value are in the presence of a high nicotinic acid intake 
or a low thiamine intake, in which case the excess F; excretion may mask 
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thiamine excretion in part or in toto. This was impressively demonstrated 
to us in an experiment we were conducting on human subjects on a thi- 
amine-deficient diet, all of whom were receiving 25 mg. of nicotinamide 
daily. By the original Hennessy-Cerecedo method each of these subjects 
gave negative thiamine excretions. However, by the new method it was 
found that minute amounts of thiamine were being excreted by each 
subject. Specimens of their urine analyzed by our new procedure were 
analyzed by Dr. C. N. Frey of the Fleischmann Laboratories using the 
yeast fermentation procedure. A close agreement between the results 
obtained by him and by our modified thiochrome procedure was found in 
all but one of the urines studied (see Table ITI). 

We should like to point out that the correction to the thiamine deter- 
mination which we have described is applicable not only to urine, but to 
other biological materials in which F, may be present. We have found 
F, to be present in many tissues, notably in liver, and we have also found 
it to be present in feces. 


SUMMARY 


A modification of the Hennessy-Cerecedo thiochrome procedure for the 
determination of thiamine in urine and other biological fluids is described. 
This permits one to determine thiamine accurately in the presence of F;, 
a derivative of nicotinic acid which may under certain circumstances cause 
major errors in the thiamine determination. 
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3-ACETYL-5 ,6-ISOPROPYLIDENE ASCORBIC ACID* 
By CARL 8. VESTLING anp MILDRED C. REBSTOCKt 


(From the Division of Biochemistry, Noyes Laboratory of Chemistry, University 
of Illinois, Urbana) 


(Received for publication, November 18, 1943) 


The acetylation of the enediol system of ascorbic acid was undertaken as 
part of a study of the stabilization of ascorbic acid against oxidation. 
Previous attempts to prepare an acetyl derivative of ascorbic acid have 
been recorded (1), but no crystalline compound has been obtained. It 
appeared that the use of ketene as an acetylating agent would be advan- 
tageous in these studies, since the acidic hydrogen attached to carbon atom 
3 ought to be readily attacked. It should be noted that 3-acetyl ascorbic 
acid is a vinylogue (2) of an acid anhydride; hence it would be easily 
hydrolyzed in aqueous solution. 

We have treated the isopropylidene derivative of ascorbic acid with 
ketene in anhydrous acetone, the progress of the acetylation being followed 
by indophenol titration. In this way a crystalline compound has been 
obtained. Its structure has been shown by analysis, quantitative titration 
with diazomethane, and kinetic studies of the hydrolysis of the material 
to be of the form shown in the accompanying formula. 








=C 
| 
HO—C 
O 0 
! 
CH;—-C—0O—C 
HC 
| 
CH; O—C—H 
be a 
C 
ms 
CH; O—C—H 
| 
H 


This compound is of interest, since it sheds further light on the structure 
of ascorbic acid. Acetylation of ascorbic acid leads not only to a loss of 


* Taken in part from a thesis presented by Mildred C. Rebstock in partial fulfil- 
ment of the requirements for the degree of Master of Arts in Chemistry. 

t One of the authors (M. C. R.) is indebted to the University of Illinois and to the 
8. M. A. Corporation for financial support during this investigation. 
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indophenol reducing power but also to a loss of acidic properties. However, 


in neutral aqueous solution hydrolysis of the acetyl compound proceeds | 


rapidly with the liberation of the 3 position. 
Studies with diazomethane (3, 4) have shown that the 3-methyl ether of 
ascorbic acid is readily prepared by a titration process, whereas the 2,3. 


dimethyl ether is obtained only by prolonged reaction with an excess of | 


diazomethane (3, 5-7). Therefore, if the 3 position of ascorbic acid (or the 


isopropylidene derivative) is substituted, reaction with diazomethane | 


should be blocked. With the aid of anhydrous ether solutions of diago- 
methane which were standardized against benzoic acid, it has been shown 
that the new compound fails to react readily with diazomethane. This 
finding offers strong support to the suggested formula. 


As a means of substantiating the structure further a study of the kinetics | 
£ : 


of the hydrolysis of the compound was undertaken. The hydrolysis should 
proceed according to a pseudo first order mechanism, since changes in the 


concentration of water would be negligible in dilute solution. This reae- 


tion is complicated by simultaneous oxidative destruction of ascorbic acid. 
As the hydrolysis proceeds, the rate of decomposition of the enediol system 
gradually overtakes its rate of formation. Hence the reaction must be 
varried out under conditions which permit an analysis of the hydrolysis in 
the presence of the competing oxidation. At 70° in 3 per cent HPO; at 
pH 1.9 hydrolysis was found to be complete in 2 hours. The rate of oxida- 
tive destruction of isopropylidene ascorbic acid was investigated under 
similar conditions so that corrections could be applied. However, qualita- 
tive evidence indicates that the decomposition proceeds much more rapidly 
in the hydrolysis system than in the control. In the kinetic study small 
approximate corrections have been applied to the last two points only. In 
the later stages of the hydrolysis oxidative destruction becomes the 


dominant factor, and no experimental or empirical correction was found 


to be satisfactory. 
EXPERIMENTAL 


Acetylation of Ascorbic Acid with Ketene at 0° in Aqueous Solution—Pre- 
liminary attempts to obtain an acetyl derivative by the use of acetic an 
hydride with pyridine failed, and the use of sodium acetate resulted in 4 
water-insoluble syrup which resisted all attempts at crystallization. 

Accordingly we turned to ketene as an acetylating agent. Ketene was 
generated in an apparatus similar to that described by Hershberg and 
Ruhoff (8). It was passed through an ice-salt trap and then through 4 
carbon dioxide-methyl cellosolve trap before being conducted to the reac- 
tion system. The material to be acetylated was contained in a 200 ml., 
3-necked flask equipped with a mechanical stirrer and a ketene outlet into 
NaOH. 
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Ascorbic acid (Mallinckrodt, vu.s.p. XI, 0.0607 gm.) was dissolved in 80 
ml. of distilled water in a 100 ml. volumetric flask. 10 ml. of glacial acetic 
acid were added and the system diluted to volume. The resulting pH was 
23. One-half of the above solution was removed with a pipette and held 
at 0° as a control. The remainder was treated with a rapid stream of 
ketene while being kept at 0°. At various time intervals 1 ml. portions 
were removed and titrated with standardized 2,6-dichlorophenol indo- 
phenol. The results of this treatment are shown in Fig. 1. Reaction with 
ketene effectively blocks the enediol system of ascorbic acid. When ketene 
treatment is stopped, hydrolysis of the acetyl group proceeds rapidly at 
32°, but very slowly at 0°. 

Preparation of Acetylisopropylidene Ascorbic Acid—lIsopropylidene as- 
corbic acid was prepared according to Micheel and Hasse’s modification 
(9) of von Vargha’s procedure (10). Anhydrousacetone was obtained by dry- 
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Fig. 1. The acetylation of ascorbic acid in aqueous solution at 0° and pH 2.3. 
Samples titrated with 2,6-dichlorophenol indophenol. 


ing for 12 hours over drierite, filtration, and distillation. Petroleum ether 
was dried over CaCl, and distilled. The use of anhydrous solvents ap- 
peared to be important for the success of this preparation. 

A sample of isopropylidene ascorbic acid showed the following identifying 
characteristics: m.p. (corrected) 221.6°, with decomposition (10); [aJ];°° = 
+22° (1.8 per cent in distilled water); neutral equivalent 217, calculated 
216. Indophenol titration required the calculated amount of the dye 
within experimental error. A dilute alcoholic solution gave a violet color 
with ferric chloride. Analysis led to the following values (6, 10). 


CyH20¢ (216). Caleulated, C 50.00, H 5.55; found, C 50.24, H 5.76 


A solution of 1.23 gm. of 5,6-isopropylidene ascorbic acid in 60 ml. of 
anhydrous acetone was treated with a rapid stream of ketene. The reac- 
tion was carried out at room temperature until the indophenol titration 
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value was zero (25 minutes). The solution was then allowed to evaporate 
spontaneously for several hours, and a crystalline material was obtained, 
This material was dissolved in a little acetone, the solution filtered, and 2.5 
volumes of low petroleum ether were added. Long, flat, colorless needles 
appeared within a few minutes; yield, 56 per cent. The success of this 
reaction depends on the use of pure acetone derivative as a starting product, 
A small amount of a yellow syrup is always obtained; it is less soluble than 
the acetyl derivative and may be easily removed from the acetone-petro- 
leum ether solution. The amount of syrup increases markedly if ketene 
treatment is allowed to continue after the indophenol end-point has been 
reached. This suggests that acetylation of the 2 position is probably 
taking place. 

The new compound melted at 115-116° (corrected). A pronounced 
orange color was obtained with FeCl; in ethanol. No reduction of indo- 
phenol was observed when the acetyl compound was titrated in anhydrous 
acetone. 

An attempt to obtain a neutral equivalent on the acetyl compound led to 
the following result. A sample (0.0234 gm.) was dissolved in 25 ml. of 
CO,.-free distilled water. Titration with 0.0094 n NaOH required 1.00 ml., 
phenolphthalein being used as the indicator. \ sliding end-point was ob- 
served, which undoubtedly indicated hydrolysis of the acetyl group. 

Analyses of two different samples of the acetylisopropylidene ascorbic 
acid which had been recrystallized several times from acetone-petroleum 
ether yielded the following data. 


CyHyO; (258). Calculated, C 51.16, H 5.43; found (A), C 51.42, H 5.52 
¢  (B), “ 51.46, “ 5.56 


A sample of the acetyl compound (0.2408 gm.) in absolute methanol (15 
ml.) showed a specific rotation of fa]?? = +27.4°. 

Reactions with Diazomethane—For these experiments diazomethane in 
absolute ether solution was prepared from methylurea nitrate according to 
Arndt (11). The ethereal solutions were standardized against benzoic 
acid as described. 

Preliminary qualitative observations showed that 5,6-isopropylidene 
ascorbic acid in absolute methanol reacted readily with diazomethane, 
whereas the 3-methyl and 3-acetyl derivatives failed to react. In the 
latter two cases in which the 3 position is blocked, the yellow color of the 
diazomethane solution persisted after the first addition of ethereal diazo- 
methane. However, in methanol solution some reaction was always ob- 
served as indicated by a slow evolution of nitrogen. 

Accordingly, the above observations were placed on a quantitative basis. 
When the diazomethylations were carried out in absolute methanol at —40° 
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for 2 minutes before reaction with benzoic acid, it was found that isopro- 
pylidene ascorbic acid took up 4.8 moles of diazomethane, whereas the 
acetyl cpmpound took up 1.27 and 0.58 moles in the case of two samples. 
Evidently the type of catalytic decomposition of diazomethane in methanol 
described by Eistert (12) was being encountered. Hence we turned to the 
use of dioxane as a solvent. 

Peroxide-free dioxane (13) was distilled from sodium just before use in 
these determinations. The procedure was as follows: Isopropylidene 
ascorbic acid (0.1078 gm.), 3-methylisopropylidene ascorbic acid (0.1000 
gm.), and 3-acetylisopropylidene ascorbic acid (0.949 gm.) were dissolved 
in 5 ml. of dioxane at 13°. The dioxane solutions were then treated with 
15 ml. of ice-cold ethereal diazomethane. After 20 to 30 seconds the 
mixtures were poured into cold 50 ml. portions of ethereal benzoic acid 


TaBLe I 
Quantitative Diazomethylation Studies 














. : , CH2N: used 
Compound oy , — aes | Cah woes vee y ber ma ‘ 
mM m.eq. mM mM 
Rr eye 3.60 | 3.68 
2... ..| 0 3.54 | 3.74 
| 3.71 (Average) 
Isopropylidene ascorbic acid....| 0.499 4.39 | 2.89 | 1.64 
3-Methylisopropylidene ascorbic| | 
tig: 8 <i - 5 <snns 2 4- hal | 3.49 | 3.79 -0.21 
3-Acetylisopropylidene ascorbic} 
SE 2. Ud Fees Le cb eee Ja | 0.368 | 3.60 | 3.68 +0.08 





which contained 0.8889 gm. (7.28 mm) of benzoic acid. After 10 minutes 
at 0° the solutions were titrated with 0.2309 n NaOH to the first definite 
phenolphthalein end-point. The results, in which no allowance is made 
for titratable acidity in the resulting methylated ascorbic acid derivatives, 
are shown in Table I. 

The reaction time (20 to 30 seconds) had to be carefully controlled in 
these experiments, since even in dioxane a slow decomposition of diazo- 
methane was encountered. Nevertheless it seems to be clearly demon- 
strated that the 3 position is blocked and that the acetyl group is therefore 
attached to carbon atom 3. 

Kinetics of Hydrolysis of Acetylisopropylidene Ascorbic Acid—Prelim- 
inary attempts to study the kinetics of the hydrolysis of the acetyl derivative 
at room temperature and at 0° in 3 per cent HPO; or in distilled water did 
not allow a decisive analysis of the data. A search for more favorable 
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conditions revealed that the reaction was complete in 2 hours when carried 
out as described below. The conditions sought were those in which the 
hydrolysis would be substantially complete before oxidative degyadation 
set in. 

Acetylisopropylidene ascorbic acid (18.3 mg.) was dissolved in 3 per cent 
HPO; in a 25 ml. volumetric flask and the system diluted to the mark. 
The resulting pH was 1.9. When solution was complete, duplicate 1 ml. 
samples were titrated with standardized indophenol. The flask was then 
placed in a water bath at 70° + 2°, and samples were withdrawn for analysis 
at the time intervals noted below. Each sample was immediately cooled 
in ice on removal from the bath and then titrated within 2 minutes after 
coming to room temperature. The results are plotted in Fig. 2. Asa 
control system an equimolar quantity of isopropylidene ascorbic acid (15.4 
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Fic. 2. Hydrolysis of 3-acetyl-5,6-isopropylidene ascorbic acid in 3 per cent 
HPO; at 70°. pH, 1.9. C = concentration of unhydrolyzed material in mg. per 
100 ml. 


mg.) was treated as above. A linear rate of decomposition of isopropy- 
lidene ascorbic acid was encountered during 2 hours. 13 per cent of the 
material was decomposed in 2 hours, a rate equivalent to 0.1 per cent per 
minute. 

Approximate corrections were applied to the points at 45 and 60 minutes 
in the hydrolysis experiment. The correction at 45 minutes was 1.7 mg, 
and that at 60 minutes 2.3 mg. Each correction was based on the assump- 
tion that all the hydrolyzed product present at the time of sampling had 
been undergoing decomposition at a rate of 0.1 per cent per minute since 
the start of the experiment. Since other observations repeatedly indicated 
a much more rapid rate of decomposition in the hydrolysis system than in 
the control, the two points have not been overcorrected. 

The plot of the logarithm of the concentration of unhydrolyzed acetyl 
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derivative against time is characteristic of a pseudo first order reaction, in 
which the change in concentration of one of the reactants (water) during 
the course of the reaction is negligible. A plot of the reciprocal of the 
concentration against time, which yields a straight line in the case of second 
order kinetics, showed definitely that the reaction did not proceed according 
to a bimolecular mechanism. 

The hydrolysis was about 75 per cent complete in 1 hour. The data ob- 
tained during the 2nd hour indicated that oxidative decomposition had set 
in at such a rate as to make it impossible to correct the values obtained on 
the basis of the behavior of the control system. 

The pseudo first order kinetics of the hydrolysis lend further support to 
the proposed structure of the acetylisopropylidene ascorbic acid. 


SUMMARY 


1. A crystalline acetyl derivative of ascorbic acid has been prepared by 
the action of ketene on isopropylidene ascorbic acid in anhydrous acetone. 
Its structure has been shown to be 3-acetyl-5,6-isopropylidene ascorbic 
acid. 

2. The ketene acetylation of ascorbic acid in aqueous solution has been 


studied. 
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INTERFERING SUBSTANCES IN THE DETERMINATION OF 
PHOSPHOGLYCEROL 


By G. A. LePAGE 
(From the McArdle Institute for Cancer Research, University of Wisconsin, Madison) 


(Received for publication, August 27, 1943) 


Leva and Rapoport have (1) recently reported a new method for the 
determination of phosphoglycerol in tissue, and claim that phosphoglycerol 
constitutes a large part of the ester phosphorus in liver, and to a lesser 
extent that of other tissues (2). Levels of 27.8 to 28.9 mg. per cent of 
phosphoglycerol phosphorus (154 to 160 mg. per cent of ester) were reported 
for livers of fed rats, rabbits, and pigeons (2). This is approximately 25 
per cent of the acid-extractable phosphorus of liver. On purely theoretical 
grounds, there seems to be no reason why phosphoglycerol should be present 
in such large amounts in resting tissues, as Meyerhof and Kiessling (3) have 
pointed out. We have been able to account for approximately 78 per cent 
of the phosphorus of the barium-soluble alcohol-insoluble fraction from rat 
livers (which would contain the phosphoglycerol) in terms of other esters 
of known properties. Since this fraction contains 50 per cent of the acid- 
extractable phosphorus, the values of Leva and Rapoport seemed too high, 
and it became advisable to examine their new analytical method. 


EXPERIMENTAL 


Leva and Rapoport oxidize the phosphoglycerol to phosphoglycolalde- 
hyde with periodate, and hydrolyze the product in acid. The inorganic 
phosphorus released is reported as a-phosphoglycerol phosphorus. Such 
a degradation has been used on sugar phosphate esters by carbohydrate 
chemists in order to determine the position of the phosphate group. It is 
thus known to cause a breakdown of sugar phosphate esters just as occurs 
in a-phosphoglycerol. Preliminary experiments indicated that ribose-5- 
phosphate, fructose-6-phosphate, and glucose-6-phosphate all interfere in 
such a determination of phosphoglycerol. Examination of the fraction 
used by Leva and Rapoport for phosphoglycerol showed that it contained 
all three of these interfering esters, which were thus contributing to the 
phosphoglycerol measurements. 

Our tissue samples were all frozen in liquid air (owing to readily available 
supplies of the material) rather than the dry ice-ether mixture used by 
Leva and Rapoport. Analyses were made on normal, adult (300 gm.), 
male, fed rats (Sprague-Dawley, Inc., strain). The rats were anesthetized 
with nembutal (5 mg. per 100 gm. intraperitoneally) and the livers removed 
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and quickly dropped in liquid air. The tissue was powdered between 
chilled steel blocks and in each case transferred to a weighed flask of tri- 
chloroacetic acid. The flask was reweighed, the tissue homogenized in a 
Waring blendor, and the débris centrifuged off. Extracts were such that 
10 ec. were equivalent to 1.00 gm. of wet weight of liver. The analyses 
given are averages of determinations on three animals. The extracts were 
analyzed for inorganic phosphorus and lactic acid, which were found to be 
15.9 + 1.4 and 23.2 + 2.3 mg. per cent respectively. The tissue was thus 
demonstrated to be resting liver (Leva and Rapoport found inorganic 
phosphorus of rat livers used to be 16.7 to 22.8 mg. per cent). Total acid- 
extractable phosphorus was found to be 111 + 4 mg. per cent. 

Esters Present in Leva-Rapoport Phosphoglycerol Fractions—Aliquots of 
the liver extracts were carried through the procedure exactly as described by 
Leva and Rapoport (1) for determination of mixed a- and 8-phospho- 
glycerol. The factor 1/0.862 was used to calculate phosphoglycerol phos- 
phorus. A second aliquot was, in each case, neutralized to pH 8.2, and 
excess barium acetate and 4 volumes of EtOH added. The barium-soluble 
alcohol-insoluble fraction so obtained was freed of nucleotides and analyzed 
for phosphoglycerol by the method of Leva and Rapoport. Both of the 
fractions mentioned above were analyzed for pentose (4) and fructose (5) 
and, as described later, for reducing sugar (6). Fructose measured X 2.39 
gives fructose-6-phosphate as the free acid. Pentose phosphates give the 
full theoretical pentose equivalent. These points, as well as the equivalents 
as reducing sugar, have been established with the pure esters. The results, 
along with the calculated levels of esters present, are listed in Table I. 
It will be noted that the two fractions show identical properties. 

It was necessary to carry out further fractionation in order to measure 
glucose-6-phosphate and to demonstrate that the sugars measured in the 
Leva-Rapoport fraction were present as esters rather than as free sugars. 
Aliquots of the Leva-Rapoport fractions were adjusted to pH 2.0 with HCl 
and an excess of Ba(OAc), added to remove the sulfate. The BaSO, was 
centrifuged out. The supernatant was in each case treated with more 
Ba(OAc): plus a small amount of inorganic phosphate and adjusted to pH 
8.2. The solutions were left at 0° for 1 hour, and then centrifuged. This 
removes the inorganic phosphate and quantitatively carries down any 
hexose diphosphate present. The supernatants from this step were treated 
with 4 volumes of EtOH, held at 0° for 1 hour, and then centrifuged (the 
phosphate esters precipitate as barium salts and leave free sugars in solu- 
tion). The precipitate in each case was treated with a slight excess of 
H.SO,, the BaSO, centrifuged off, and the solution neutralized. Analyses 
were carried out for pentose, fructose, total reducing sugar, inorganic phos- 
phorus, and total phosphorus. The recovery of organic phosphorus was 
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92 + 1.2 per cent. Recoveries of pentose and fructose were 94 + 1.2 
and 93.4 + 1.5 per cent, respectively. These sugars are thus demon- 
strated to be present as pentose phosphate and fructose-6-phosphate (not 
hexose diphosphate). Almost all of the glycogen was lost in the original 
mercury treatment. Any left was hydrolyzed by a 20 minute hydrolysis in 
1-N H,SO, as in the phosphoglycerol treatment and would not precipitate 
with barium and alcohol. Reducing sugar (corrected for fructose-6- 
phosphate and pentose phosphate, which give 31.65 and 19.75 per 
cent of the reduction of an equal weight of glucose respectively) can be 
calculated as glucose-6-phosphate (reduction 13.2 per cent of that of an 
equal weight of glucose). The results of these analyses, corrected back to 


TaBLe | 
Analyses on Leva a- -Rapoport Fraction and Ba- ‘Soluble Alcohol- Insoluble Fraction 


Ba- soluble alcohol- 





Constituent analyzed for Lev yo es Hoo 
apoport method 
mg. per cent mg. per cent 
Total P 32.0 +1.3 32.0 +1.3 
Inorganic P 0 0 
Pentose | 33.7 +1.4 33.5 +1.4 
Fructose Bs: 10.4 +0.7 10.4 +0.7 
Total reducing sugar 29.65 + 1.0 30.2 +1.1 
Pentose-5-phosphate P 6.96 + 0.29 6.92 + 0.29 
Fructose-6-phosphate P 2.96 + 0.20 2.96 + 0.20 
Glucose-6-phosphate P 15.0 +1.9 15.5 + 2.0 
Eusephoglyeeral Pt 17.5 +1.2 17.4 +1.2 





* Obtained as dese ribe 1d by LePage and U mbrelt (7). 
t With the correction factor 1/0.862 as used by Leva and Rapoport. 





100 per cent for the slight losses incurred in fractionating, are given in 
Table I for both original fractions. 

Esters Interfering in Measurements of Leva-Rapoport Phosphoglycerol— 
Aliquots of the Leva-Rapoport fractions were combined in proportion in 
order to be able to use the average analyses given earlier. The resulting 
solution was used in the following experiments. Pure ribose-5-phosphate, 
fructose-6-phosphate, and glucose-6-phosphate were prepared as previously 
described (7,8). Tests were set up as Leva and Rapoport describe, con- 
taining portions of the fraction mentioned above. Others were set up with 
the pure esters added, and with the pure esters only. All tests were in 
duplicate, and one of the duplicates in each case was not treated with 
periodate. These were hydrolyzed along with their oxidized duplicates 
to provide a correction for phosphorus hydrolyzed without periodate oxida- 
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tion. The results are given in Table II. Each figure is an average of three 
closely agreeing determinations. 

The data in Table II indicate the extent to which these esters interfere 
with the determination of phosphoglycerol, and demonstrate that the 
amount of interference is the same whether the esters are in pure form or 
in the mixture represented by the Leva-Rapoport fraction. Use of these 
data to correct for interfering esters reduces the value of 17.5 mg. per cent 
of phosphoglycerol phosphorus to 7.31 mg. per cent, a reduction of 58.3 per 


TaBie II 
Hydrolysis of Esters with and without Periodate Oxidation 





| Amount of added 
P hydrolyzed P hydrolyzed with pure ester 
Material used in test after periodate no previous hydrolyzed and 
oxidation periodate oxidation determined as 
phosphoglycerol 











7 Y per cent 
Leva-Rapoport fraction*. . 16.9 1.8 
Phosphoglycerolt equivalent to 31! 
y organic P TRA, 26.5 0 85.6 
Leva-Rapoport fraction + 20 y 
fructose-6-phosphate P... 33.2 4.7 67.0 
Fructose-6-phosphate equivalent 
to 31 y organic P.. 25.0 4.4 66.5 
Leva-Rapoport fraction + 20 y 
ribose-5-phosphate P 31.9 3.4 68.1 
Ribose-5-phosphate equivalent to 
31 y organic P.. 23.1 2.4 66.8 
Leva-Rapoport fraction + 20 y 
glucose-6-phosphate P 20.8 2.8 14.5 
Glucose-6-phosphate equivalent to 
5.9 1.5 14.2 


31 y organic P.... ra VGA 5.§ 





* Equivalent to 31 y of organic P. 
t Equilibrium mixture of a- and 8-phosphoglycerol prepared from Eastman 
mixed esters as described by Leva and Rapoport (1) (heated in acid, precipitated 


as the barium salt). 


cent. The corrected value (7.31 mg. per cent), with the other esters meas- 
ured, now accounts for 32.23 mg. per cent of phosphorus, or 100.5 per cent 
of that in the fraction. The animals examined were thus found to have 6.6 
per cent of the acid-extractable phosphorus of the liver present as phospho- 
glycerol, instead of approximately 25 per cent reported by Leva and Rapo- 
port (1). 
DISCUSSION 

The level of phosphoglycerol phosphorus in rat liver found in this in- 

vestigation (uncorrected for interfering esters, i.e. according to the Leva- 
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Rapoport method) is much lower than that found by Rapoport, Leva, and 
Guest (2). However, this point should not be stressed, since Rapoport 
et al. studied a considerably larger group of animals, which may have been 
under different environmental conditions. The important feature of the 
experiments here reported is the demonstration that the analytical method 
of Leva and Rapoport is not specific, and requires correction for three 
interfering esters, all of which occur in the phosphoglycerol fraction. The 
studies of phosphoglycerol levels correlated with dietary variations, made 
by Rapoport et al. (2), thus lose their significance for the present, since the 
results may be due to ribose-5-phosphate or hexose monophosphates. It 
is not intended that the data presented here be used to make quantitative 
correction of periodate phosphoglycerol measurements, since the correction 
so overshadows the analytical figure. A more specific separation or means 
of determination of the compound should be sought. 


SUMMARY 


The periodate method of Leva and Rapoport (1) for the estimation of 
phosphoglycerol is not specific for this material and is interfered with by 
glucose-6-phosphate, fructose-6-phosphate, and ribose-5-phosphate. The 
fraction used by Leva and Rapoport for estimation of phosphoglycerol 
contains all three of these materials in significant amounts. 
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MERCAPTURIC ACIDS 


IV. THE SYNTHESIS OF p-FLUOROPHENYL-I-CYSTEINE AND ITS 
CONVERSION TO p-FLUOROPHENYLMERCAPTURIC ACID IN 
VITRO AND IN VIVO 


By S. H. ZBARSKY anp LESLIE YOUNG 
(From the Department of Biochemistry, University of Toronto, Toronto, Canada) 


(Received for publication, December 13, 1943) 


The work described in this paper was undertaken in order to prepare the 
way for an investigation of the possibility that fluorobenzene is converted 
to a mercapturic acid in vivo. If the metabolism of fluorobenzene is 
analogous to that of other monohalogenated benzenes (1-3), it is to be 
anticipated that the urine of animals dosed with fluorobenzene will con- 
tain p-fluorophenylmercapturic acid. This consideration, together with 
the fact that no description of p-fluorophenylmercapturic acid could be 
found, led the writers to undertake the synthesis of this compound. This 
was accomplished by the use of a method based on that employed by du 
Vigneaud, Wood, and Binkley (4) for the preparation of p-bromophenyl- 
mercapturic acid and also used by the writers (5) to prepare phenylmer- 
capturic acid. The first stage of the synthesis consisted of the preparation 
of p-fluorophenyl-i-cysteine. This compound was obtained by decom- 
posing the product of the interaction of diazotized p-fluoroaniline and 
cysteine cuprous mercaptide. The p-fluorophenyl-l-cysteine was purified 
and was then converted to p-fluorophenylmercapturie acid by acetylation 
with acetic anhydride. 

The fact that p-bromophenyl-l-cysteine (4, 6) and phenyl-l-cysteine (7) 
are converted in the rat to the corresponding mercapturic acids made it 
appear probable that p-fluorophenylmercapturic acid is formed in the rat 
following the ingestion of p-fluorophenyl-l-cysteine. An investigation 
revealed that this change does occur. This was established by the isola- 
tion of the mercapturic acid from the urine of rats receiving a diet contain- 
ing p-fluorophenyl-l-cysteine. 


EXPERIMENTAL 


Synthesis of p-Fluorophenyl-l-cysteine—This compound was prepared 
from /-cystine (Pfanstiehl Chemical Company) and p-fluoroaniline (East- 
man Kodak Company) by the following method. To a solution of 5 gm. 
of l-eystine in 100 ml. of 1.5 N sulfuric acid were added 3 gm. of zine dust. 
The mixture was heated on a water bath for 4 hours and small pieces of 
mossy zinc were added at intervals. The mixture was filtered while hot 
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and to the warm filtrate a suspension of cuprous oxide in water was added 
until no more of the oxide went into solution and the liquid became blue, 
The solution was cooled in an ice bath and to it was added slowly with 
stirring a diazotized solution of 4.5 gm. of freshly distilled p-fluoroaniline 
in dilute sulfuric acid. After the mixture had been stirred in the ice bath 
for 45 minutes, it’ was heated at 60—-70° for 30 minutes and was then filtered. 
The filtrate was extracted with two 50 ml. portions of ether and was then 
saturated with hydrogen sulfide. The precipitate which formed was re- 
moved by filtration and washed with small portions of 1.5 N sulfuric 
acid. After the combined filtrate and washings had been heated under 
reduced pressure to get rid of excess hydrogen sulfide, the solution was 
cooled and made neutral to Congo red by the addition of ammonium 
hydroxide. A precipitate which weighed 7.2 gm. was obtained. This 
material appeared to contain cystine and attempts to obtain pure 
p-fluorophenyl-l-cysteine from it by crystallization were unsuccessful. A 
similar difficulty had been encountered in the preparation of phenyl-l- 
cysteine (5) and had been overcome by subjecting the impure material to 
reduction. The impure p-fluorophenyl-i-cysteine was therefore dissolved 
in 150 ml. of 2 n hydrochloric acid and granular tin was added to the solu- 
tion. The mixture was heated on the water bath for 2 hours, the super- 
natant liquid was then decanted, and the residue of tin was washed with 
several small portions of water. The solution and washings were combined 
and saturated with hydrogen sulfide, filtered, and the excess hydrogen 
sulfide was removed from the filtrate under reduced pressure. The solu- 
tion was neutralized to Congo red by the addition of ammonium hydroxide 
and a white crystalline precipitate formed. After it had been allowed to 
stand overnight in the refrigerator, the precipitate was collected, washed 
with water, and dried in vacuo over phosphorus pentoxide. 2.5 gm. of | 
product were obtained which gave the following results when analyzed. | 


C,HwO:FNS. Calculated. C 50.20, H 4.68, N 6.51, 8 14.91 
Found. ** 49.98, “* 4.86, ‘* 6.37, “ 15.16 


The p-fluorophenyl-l-cysteine decomposed at 180-183° and had a specific 
rotation of [a]2* = +13° for a 1 per cent solution in 0.1 N sodium hydrox- 

ide. 
Conversion of p-F luorophenyl-l-cysteine to p-Fluorophenylmercapturic Acid 

in Vitro—0.980 gm. of p-fluorophenyl-l-cysteine was dissolved in 8 ml. 
of 1 n sodium hydroxide and the solution was cooled in an ice bath. 1 
ml. of acetic anhydride was then added in five portions of 0.2 ml. each. | 
Each addition of acetic anhydride was preceded by the addition of 1 ml. | 
of 1 nN sodium hydroxide solution. The solution was stirred throughout | 
the process. It was then allowed to stand for 10 minutes, acidified to 
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Congo red by the addition of dilute sulfuric acid, and left in the refrigerator 
for 24 hours. The crystalline precipitate which separated was filtered, 
washed with water, and dried. This material was taken up in hot ethanol 
and centrifuged in order to remove a small amount of insoluble matter. 
The supernatant liquid was poured into warm water and on cooling a crys- 
talline precipitate formed which was collected, washed with cold water, 
and dried in vacuo over phosphorus pentoxide. 0.986 gm. of product was 
obtained and when analyzed it yielded the following results. 


CyH,,.0;FNS. Calculated. C 51.33, H 4.70, N 5.45, § 12.47 
Found. “51.69, “ 4.74, “ 5.59, “12.66 


The p-fluorophenylmercapturic acid melted' at 158-159°, and for a 1 per 
cent solution in ethanol the specific rotation was [a]? = —20°. 

Conversion of p-Fluorophenyl-l-cysteine to p-Fluorophenylmercapturic Acid 
in Vivo—Two male white rats each weighing about 300 gm. were fed the 
stock colony diet to which had been added 2 per cent by weight of p- 
fluorophenyl-l-cysteine prepared as described above. The experimental 
conditions were similar to those described in an earlier paper of the present 
series (7). The feeding of the diet containing p-fluorophenyl-l-cysteine 
was continued until the rats had ingested 0.900 gm. of the compound. 
The urine was collected during this period and for 48 hours after the feed- 
ing of the compound had been stopped. The urine (80 ml.) was made 
acid to Congo red by the addition of concentrated hydrochloric acid and 
was allowed to stand in the refrigerator overnight. It was then extracted 
with three portions of chloroform each of which was equal in volume to that 
of the acidified urine. The emulsions which formed during the extraction 
process were broken by centrifuging. The combined chloroform extracts 
were dried over anhydrous sodium sulfate, filtered, and the solvent was 
removed by distillation. The crystalline residue which was obtained was 
dissolved in a small volume of ethanol, and on addition of water to this 
solution a light brown crystalline precipitate formed. This material was 
dissolved in ethanol, and the solution was decolorized with charcoal and 
filtered. The filtrate was evaporated to dryness and the residue was 
crystallized from aqueous ethanol. 0.148 gm. of material was obtained 
which melted at 158-159°. When the compound was mixed with synthetic 
p-fluorophenylmercapturic acid, m.p. 158-159°, the melting point was not 
depressed. The isolated compound had a specific rotation of [a] = 
—20° for a 1 per cent solution in ethanol, and on analysis it yielded the 
following results. 


Cy, Hy,O:FNS. Calculated. C 51.33, H 4.70, N 5.45, 8 12.47 
Found. ** 51.81, “‘ 4.93, ‘* 5.65, “‘ 12.57 





? All melting points recorded herein are uncorrected. 
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The amount of p-fluorophenylmercapturic acid isolated in the above 
experiment was equivalent to 14 per cent of the p-fluorophenyl-l-cysteine 
ingested by the rats. 

In an experiment similar to that described above a male white rat weigh- 
ing 250 gm. consumed 0.200 gm. of p-fluorophenyl-l-cysteine. The amount 
of p-fluorophenylmercapturic acid, m.p. 158-159°, which was isolated from 
the urine was 0.035 gm. This corresponded to 15 per cent of the p- 
fluorophenyl-l-cysteine ingested by the rat. 


SUMMARY 


1. p-Fluorophenyl-i-cysteine has been synthesized and has been con- 
verted to p-fluorophenylmercapturic acid by acetylation in vitro. 

2. p-Fluorophenylmercapturic acid has been isolated from the urine 
of rats following the administration of p-fluorophenyl-l-cysteine in the 


diet. 


One of us (S. H. Z.) is indebted to the Banting Research Foundation for a 


personal grant. 
The microanalyses reported herein were performed by Mr. Michael 


Edson. 
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THE METABOLISM OF di-METHIONINE AND JU-CYSTINE IN 
DOGS ON A VERY LOW PROTEIN DIET 


By LEON L. MILLER* 


(From the Department of Pathology, The University of Rochester School of Medicine and 
Dentistry, Rochester, New York) 


(Received for publication, November 19, 1943) 


There has been much interest in the beneficial effect of supplementing 
low protein or non-protein diets with cystine plus choline or with methionine 
in studies on fatty livers (1), experimental cirrhosis (2, 3), experimental 
hepatoma (4), and on the detoxication of a variety of organic compounds 
(5-7). A number of observations have been made of the sulfur and nitro- 
gen metabolism in dogs receiving single supplements of cystine (8-10) or 
methionine (11) with a non-protein diet, but the repeated daily feeding of 
cystine or methionine has not been studied under similar conditions. 

The experiments detailed below reveal that the dog, fed a diet containing 
less than 1 per cent of protein, can utilize extensively the sulfur of l-cystine 
and di-methionine when fed daily over periods of from 8 to 24 days; more- 
over, when the amino acid supplement is fed to a dog with undepleted 
protein stores, there is a marked conservation of nitrogen manifested by a 
sharp decrease in the urinary nitrogen output. This effect becomes less 
striking as the stores of bodily protein are depleted by continued main- 
tenance on the experimental diet. 

The continued utilization of the sulfur-containing amino acid is more 
marked with dl-methionine than with l-cystine. In fact, the total urinary 
sulfur excreted is consistently less than or approximately equal to the total 
sulfur of the dl-methionine supplement. 


Methods 


All dogs used in these experiments were active, healthy adults. They 
were taken from the animal house where they were maintained on a diet 
of mixed table scraps and placed in metabolism cages where they received 
only water ad libitum for 3 to 6 days. Following this, they received ap- 
proximately 14 gm. per kilo of body weight of a basal diet throughout the 
whole course of the experiments. The diet consisted of sucrose 72.2 per 
cent, Wesson salt mixture (12) 4.6 per cent, calcium phosphate 4.6 per cent, 
Crisco 14.9 per cent, Mazola oil 6.5 per cent, cod liver oil 1.4 per cent, yeast 
powder (Fleischmann’s type 200-B) 0.7 per cent, and powdered liver ex- 
tract (Lilly, H8083) 0.7 per cent. As indicated in Tables I and II, the 


* Lilly Fellow in Pathology and Pharmacology. 
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Wesson salt mixture was later made “‘sulfate-free’’ by replacing the mag- 
nesium sulfate with an equal weight of magnesium carbonate. To the 
daily diet of each dog were added 25 mg. of nicotinic acid, and, unless 
otherwise stated, 400 mg. of choline hydrochloride. Following preliminary 
basal periods, /-cystine (Eastman Kodak Company) or dl-methionine 
(Merck and Company’) was fed in 1.000 gm. (267 mg. of sulfur) and 1.250 
gm. (268 mg. of sulfur) amounts respectively, as indicated in Tables I and 
Il. A smaller animal, Dog 41-450, received only 0.500 gm. of /-cystine per 
day. The amino acids were thoroughly mixed with the daily diet, and 
eaten completely over the course of the individual experiments lasting 
8 to 24 days. 

Levels of plasma protein, which were normal at the start of the experi- 
ments, were estimated by macro-Kjeldahl determination on oxalated 
plasma. As maintenance on the very low protein diet continued, the 
plasma protein dropped, as indicated in Tables I and IT. 

The urines were collected daily and preserved with toluene and refrigera- 
tion, and, with the exception of Dog 40-402, each period of 48 hours was 
terminated by catheterization and rinsing of the bladder with water. Total 
urinary nitrogen was determined by the macro-Kjeldahl method, and urea- 
ammonia nitrogen by aeration after incubation with urease. 

Urinary cystine was determined only on the urine of Dog 40-402, Table 
II, by using the isolation procedure of Rossouw and Wilken-Jorden (13) 
and the colorimetric procedure of Lugg (14). 

Urinary inorganic sulfate and ethereal sulfate were determined by the 
procedure of Folin (15). Ethereal sulfate was estimated only on the urine 
of Dog 40-402, Table II, and, because no significant changes were noted, 
was not determined in the other experiments. 

Total urinary sulfur was determined on an aliquot of the urine by the 
wet ashing method of Masters (16). The term organic sulfur in Tables 
I and II refers to the sum of ethereal sulfate sulfur and neutral sulfur. The 
organic sulfur was obtained by subtracting inorganic sulfate sulfur from 
total sulfur. 

EXPERIMENTAL 


Tables I and II contain the data of the experiments carried out without 
interruption in the dog indicated. 

Table I presents data obtained from two dogs in which the addition of 
the dl-methionine was started under different conditions. In Dog 41-418 
di-methionine was fed early in the course of the non-protein basal diet, 
and here the decrease in the total nitrogen and the urea-ammonia fraction 
is striking in Periods 6 to 15. In Dog 41-542 the feeding of dl-methionine 


1 We are indebted to Merck and Company, Inc., for valuable amino acids. 
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“s was started after more than 4 weeks on the non-protein basal diet. The dog 
w ; is hypoproteinemic (with a plasma protein level of 5.0 gm. per cent), and 
ry TABLE I 
as Metabolism of dl-Methionine in Dog on Very Low Protein Diet 
0 1.250 gm. of dl-methionine (268 mg. of sulfur) were fed daily. ‘‘Sulfate-free’’ salt 
ad mixture was used throughout in both experiments. 
er <3 
| M Un- Urinary sulfur 
, Diet | ae. | bs a Urea + NH»-N —. ont = 
ig | . | N ganic [Organic Total 
ri- Dog 41-418; weight 14.4 kilos 
ad |. | gm. gm. [per come | gm. me. mg. mg. | gm. per cent 
he Basal + choline | 1 | 3.13 | 2.47 | 79.1 | 0.66 | 158 | 63 | 221 | Normal 
| 2 | 8.29 | 2.57 | 78.1 | 0.72| 128 | 64 | 192 
“s 3 | 2.50 | 1.84| 73.7/0.66| 96 | 54 | 150 
4 3.24 | 2.40 | 74.2 | 0.84 103 56 159 
~ 2 | 5 |2.49| 1.71 | 68.5|0.78| 129 | 73 | 202 
al Basal-+choline+ | 6 | 2.31 | 1.57 | 68.1| 0.74| 121 | 94 | 216 
a- di-methionine | 7 | 1.62| 0.80 | 49.2 0.84| 360 | 126 | 486 
8 | 1.61 | 0.81 | 50.5 | 0.860} 415 | 114 | 529 4.70 
le | die Rp 0.82 | 51.0 | 0.80 | 374 | 118 | 492 
3) 10 | 1.47 | 0.65 | 44.4 | 0.82 | 330 129 | 459 
| Il | 1.45 | 0.64 | 44.5 | 0.81 349 141 490 5.20 
| 12 1.60 | 0.74 46.3 | 0.86 | 371 144 | 515 
ne | 13 | 1.62 | 0.72 | 47.7| 0.80| 378 | 133 | 511 
2. | 14 | 1.51 | 0.69 | 45.8 | 0.82 | 339 | 169 | 508 | 4.95 
d. | 15 1.50 | 0.74 | 49.1 | 0.76 | 347 | 154 | 501 
' Basal + choline | 16 | 1.52 | 0.75 | 49.2 | 0.77 | 264 | 194 | 458 
| 17 | 1.05 | 0.43 | 40.5 | 0.62 | 143 | 87 | 230 
ne | 18 | 1.21 | 0.54 | 44.2/0.67| 91 | 68 | 159 | 5.36 
es 19 1.23 | 0.55 | 44.8 | 0.68 | 116 54 | 170 
he 20 1.30 | 0.61 | 46.7 | 0.69 78 55 133 
_ Dog 41-542; weight 12.3 kilos 
Basal + choline 1 1.27 | 0.72 | 56.4 | 0.55 51 23 74 5.00 
2 1.22 | 0.64 | 52.5 | 0.58 70 32 | 102 
ut Basal + choline + 3 1.05 | 0.59 | 56.1 | 0.46 147 36 | 183 
dl-methionine 4 | 1.12 | 0.59 | 53.0 | 0.53 | 266 60 | 326 
of | 5 | 1.22 | 0.60 | 49.1 | 0.62 | 254 | 118 | 372 
1 6 1.14 | 0.56 | 49.1 | 0.58 | 237 62 | 299 
7 1.17 | 0.61 | 52.5 | 0.55 | 215 | 121 | 336 
t, | 8 | 1.15 | 0.55 | 47.6 | 0.60 | 256 | 144 | 400 
yn 9 1.17 | 0.59 | 50.6 | 0.58 | 252 | 142 | 394 
re Basal + choline 10 1.15 | 0.61 | 53.0 | 0.54 | 222 | 156 | 378 4.63 
ll 1.07 | 0.54 | 50.6 | 0.53 | 103 | 113 | 216 
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the effect on the total nitrogen output is definite but small when compared 
with that seen in Dog 41-418. 

In both dogs the output of total urinary sulfur is less than the methionine 
sulfur fed; however, the total sulfur output in Dog 41-418 is apparently ap- 
proaching a level of “sulfur equilibrium.’”’ In Dog 41-542 sulfur retention 
is greater and the total sulfur output increases more gradually than in Dog 
11-418, probably because the sulfur stores of the former are more depleted. 

In both dogs the organic sulfur output increases to a point where 18 to 
20 per cent of the fed sulfur appears in this fraction. 

Table II represents a condensation of data similar to that presented in 
detail in Table I. The period numbers refer to the 48 hour periods of the 
actual experiments; however, for economy of space, only the totals for a 
given supplement and the average 24 hour excretions are indicated. This 
does not reveal the transition of some of the initial periods when the diet 
supplement is changed, but the conclusions one may draw from these 
averages are essentially identical with those drawn from the more de- 
tailed data. 

Table II contains data obtained from Dog 40-402, and it is at once ap- 
parent that the addition of l-cystine (Periods 5 to 11) to the-basal diet plus 
choline results in a sharp and marked decrease in the average total urinary 
nitrogen, mainly at the expense of the urea-ammonia nitrogen fraction. 
There is also marked retention of ingested cystine sulfur. 

With the addition of dl-methionine (Periods 12 to 18) the excretion of 
nitrogen continues at the previous low level. There is some increase in 
the total sulfur excreted during these periods, but definite sulfur retention 
continues. The increase in organic sulfur in this and the other methionine 
feeding experiments is probably not attributable to increased output of 
urinary cystine or ethereal sulfate, since neither of these fractions (which 
were determined only for the experiments on Dog 40-402) showed any 
significant increase. Data on the urinary cystine and ethereal sulfate are 
not recorded in Table II. 

Although it is not apparent from Table II, when the basal diet without 
choline is fed (Periods 19 to 23) it is about 4 days before the total sulfur 
excretion reaches a basal level again. 

The addition of l-cystine (without choline) (Periods 24 to 27) at this 
point, with a plasma protein of 4.53 gm. per cent, causes a slight average 
fall in the total nitrogen output as compared with the initial effect. Yet 
the urine became dark and the plasma icteric. The restoration of choline 
to the diet caused the jaundice to clear and the urine to become light in 
color; there was no significant effect on the total urinary nitrogen, and there 
was continued retention of the cystine sulfur, although the output of total 
sulfur increased somewhat. 

















TaBLeE II 
Metabolism of l-Cystine, Choline, and dl-Methionine in Dog on Very Low Protein Diet 


1.000 gm. of l-cystine (267 mg. of sulfur) or 1.250 gm. of dl-methionine (268 mg. of 
sulfur) were fed daily, except to Dog 41-450 which received 0.500 gm. of l-cystine 
(134 mg. of sulfur) daily. 

The figures in parentheses represent the average 24 hour excretion. 





























: Period Total 1 . . = leas Plasma 
Basal diet supplement No | Urea + NHs-N - ; 
| (48 hrs.) " | ~ — fOrgnate | Total | ado 
Dog 40-402 ; 02; weight 12. 0 kilos 
1 gm. | gm. \per cent | gm. | meg. mg. | mg. | sm. per cent 
Choline 1-4 (10.29 | 7.04 | 68.4 | 3.25 | 873 252 | 1125 | Normal 
(1.29)| (0.88) (0. 41)| (109)| (32)| (141) 
Choline + 5-11 |10.40 | 5.87 | 56.4 | 4.53 | 2893 | 516 | 3409 | 
l-cystine (0.74) (0.42)| | (0.32)| (207) (37)| (244) | 
dl-Methionine | 12-18 | 9.95 | 5.09 | 51.2 | 4.86 | 3245 | 1292 | 4537 | 
(0.71)| (0. 36 )| | (0.35)| (232)| (92) (324) 
None 19-23 | 7.98 | 4.00 | 50. 2 | 3.98 1662 | 
(0. 80)| (0. 40) |(0.40) | | (166), 
l-Cystine 24-27 | 6.02 | 3.21 | 53.4 | 2.81 | 1724 | 514 | | 2238 | 4.53 
(0.75) (0. 40), '(0.35)| (216)| (64)| (280)} 
Choline + 28-32 | 7.03 | 4.00 | 56.9 | 3.03 | 2501 | 786 | 3287 | 
Lcystine 1.70)! (0.40)) (0. 30) (250)| (79)! (329)| 
_Dog 41-542; weight 12.4 kilos 
Choline | 1-2 | 8. 09 | 6.09 | 75.3 | 2.00 | 423 | 219 | 642 6.24 
(2. 02)|(1. 52)| (0.50)) (106)} (55); (161) 
° + | 3-9 (16.89 10.56 | 62.6 | 6.33 | 3308 | 1225 | 4533 
l-cystine (1. 21) (0. 75)| |(0.46)| (236)) (88)| (324) 
None 10-14 13. 19 | 9.57 | 72. 6 | 3.62 | 1142 | 578 | 1720 5.63 
(1.32)| (0. 96) (0. 36)| (114)} (58)) (172) 
“oe | 15-17 | 7.04 | 5.00 | | 71.0 | 2.04; 278 | 207 | 485 5.39 
| |(1.17)} (0.83) (0.34)} (46)) (85)) (81) 
Choline 18-21 | 7.77 | 5.19 66.8 | 2.58 | 352) 271 | 623 
(0.97 )| (0.65) 1(0.32)| (44)) (85)) (79) 
ee -f. 22-26 | 8.71 | 5. 62 | 64.5 | 3.09 | 1674 | 624 | 2208 
l-cystine (0. 87) (0.56) (0.31)| (167)| (62)| (229) 
Choline + 27-30 | 6.85 | 3.86 | 56.4 | 2.99 | 1220 | 1063 | 2283 
di-methionine | | (0.86)) 0. 48)| (0.38)| (153)) (183)) (286) 
Choline | 31-33 | 4.35 2.66 | 61.2 | 1.69 | 465 341 | 806 
(0.73)| . 44)| 1(0.29)| (78)| (57)) (135) 
Dog 41-450; weight 7.8 kilos 
Choline | 1-2 | 2.95 | | 2. 00 | 67.8 0.95 | | 175 | 113 | 288| 5.70 
0. 74), (0. por |. 24) (44)) (28) Fg 
y + 3-11 | 9.18 | 4.16 | 45. 3 | 5. 02 | 1936 | 752 
l-cystine (0. 51)| (0. 23)| 0. 28)) (108)| 2) prod 
Choline 12-15 | 4.10 | 1.74 | 42.4 | 2.36 | 263 514 / 5.10T 
|(0.51)} (0.22)) (0.29)| (83)) @i) (64) 





* All subsequent experiments in this table were carried out with ‘“‘sulfate-free”’ 
salt mixture. 
ft At the start of Period 14. 
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Table II also contains data from Dog 41-542, and here again (Periods 
3 to 9) the protein-sparing action of /-cystine is striking, but, in contrast to 
Dog 40-402 (Periods 5 to 11), there is a considerable increase in the organic 
sulfur fraction. Since urinary cystine determinations were not done in 
this or subsequent experiments, the exact nature of this increase is not 
known. Return to the basal diet without choline results in an increased 
total nitrogen output, mainly in the urea-ammonia fraction. At this 
point (Period 15) the sulfate-free salt mixture was started and the total 
sulfur output was almost halved. The restoration of choline to the basal 
diet (Periods 18 to 21) results in a definite decrease in total nitrogen output 
with a corresponding fall in the urea-ammonia fraction. The addition of 
l-cystine (Periods 22 to 26) results in a further average marked decrease 
in the total nitrogen. In Periods 22 to 26 less total sulfur is excreted than 
was ingested. The change from an l[-cystine to a dl-methionine supplement 
(Periods 27 to 30) results in a small rise in the undetermined nitrogen, as- 
sociated with a marked rise in the organic sulfur fraction, similar to that 
seen in Table I. With a return to the basal diet the total nitrogen and 
undetermined nitrogen decrease by an amount which is approximately 
equal to that of the fed amino acid nitrogen (0.12 gm. of N per day). 

Finally, the data from Dog 41-450 again demonstrate the remarkable 
protein-sparing action of l-cystine (plus choline), with a precipitate fall in 
the total nitrogen and the corresponding decrease in the urea-ammonia 
fraction. As compared with most of the di-methionine experiments, the 
retention of l-cystine sulfur is not so marked; assuming a basal total sulfur 
output of 72 mg. per day, there is a retention of about 900 mg. of sulfur 
during the feeding periods, Nos. 3 to 11, and in the first follow-up basal 
period, No. 12, which is not detailed in Table IT. 


DISCUSSION 


The above experiments show that l-cystine and dl-methionine have a 
definite protein-sparing action when fed to dogs on a very low protein diet. 
The extent of the protein-sparing action varies with the extent of protein 
depletion. When the protein reserve stores are optimal, there is a striking 
conservation of nitrogen; when the reserve stores have been depleted and 
hypoproteinemia exists, the nitrogen-sparing action of the sulfur-containing 
amino acids is less marked. Furthermore, this protein-sparing action 
becomes maximally apparent only after 2 to 4 days on the amino acid sup- 
plement, a fact which may explain Stekol’s failure to observe this in his 
single feedings of l-cystine (9) and dl-methionine (11). In a subsequent 
study of mercapturic acid synthesis (17) in the dog on a protein-free diet, 
Stekol fed l-cystine for 3 consecutive days and dl-methionine for 2 consecu- 
tive days; these feedings were started 4 days after the ingestion of bromo- 
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benzene, and resulted in a marked fall in urinary nitrogen. This was in- 
terpreted (17) as showing “that J-cystine and di-methionine arrest the 
breakdown of tissue . . . caused by bromobenzene feeding after the synthesis 
and excretion of p-bromophenylmercapturic acid have been completed.” It 
seems reasonable that much of this fall of urinary nitrogen is identical 
with the protein-sparing effect of l-cystine and dl-methionine seen above in 
our experiments. Nielsen, Gerber, and Corley (8), however, fed a much 
larger single supplement of l-cystine (5.6 gm.) and noted not only retention 
of the cystine nitrogen but also a decrease in the output of urinary nitrogen 
during and after the cystine feeding period. 

What is the mechanism of this protein-sparing action? It is conceivable 
that during periods of protein starvation the organism sacrifices consider- 
able reserve store nitrogen in order to obtain the sulfur-containing and 
other amino acids essential for its minimal metabolic requirements and for 
the synthesis of substances richer in cystine or methionine. In the event 
that the body requires increased amounts of cystine or methionine to 
detoxicate organic compounds, it is forced to break down body proteins 
(17) or to restrict its growth (6, 7), unless increased amounts of the amino 
acids are supplied. Experiments recently reported (18) from this labora- 
tory showed that the addition of only /-cystine to a non-protein diet allowed 
the formation of considerable amounts of plasma protein at the expense of 
reserve stores already extensively depleted. 

The sulfur metabolism studies of our experiments indicate that a variable 
but large proportion of the sulfur requirement in the dog on a very low 
protein diet can be provided by a small daily supplement of J-cystine or 
dl-methionine for as long as 24 days. dl-Methionine is more effective in 
this respect than /-cystine. In many of the experiments the excretion of 
total urinary sulfur was less than or approximately equal to the sulfur of 
the cystine or methionine supplement. Because analyses of fecal sulfur 
were not performed, it can only be assumed that absorption of the amino 
acids was quantitatively complete, and that positive sulfur balance or 
sulfur equilibrium existed. 

These observations may be of fundamental importance in explaining 
the action of small supplements of methionine or cystine plus choline in 
preventing experimental cirrhosis (2, 3), in lowering the incidence of ex- 
perimental hepatoma (4), and in preventing increased susceptibility to 
liver poisons (5-7). In a previous report (19) we have presented evidence 
that in the dog with protein stores depleted by protein deprivation the 
liver is even more markedly depleted of its sulfur stores. 

This has led us to the opinion that the effects of protein depletion in 
general and sulfur depletion in particular may be interpreted in terms of 
decreased amounts of sulfur-containing enzymes or lowered activity (or 
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both) resulting from a decrease in essential sulfhvdryl activators sueh 
as glutathione. This is in accord with Englehardt’s view (20) that cell 
proteins are primarily enzymes and the recent demonstration (21) that 
in many of the oxidative enzyme systems involved in carbohydrate metab- 
olism free sulfhydryl groups are associated with full activation. Thus, a 
deficiency in enzyme systems produced by protein depletion, or inactiva- 
tion by toxic agents, especially when functional capacity is already im- 
paired by protein depletion, may be the basis of the increased susceptibility 
to liver damage produced by protein depletion with a diet adequate in 
other essential factors. 

Compared with the very low protein diet used in our experiments, many 
of the experiments reported in the literature on experimental cirrhosis, 
fatty livers, etc., have been carried out with diets containing at least 5 
per cent protein, usually casein. The protein-sparing action of cystine and 
methionine probably would be even more marked in such diets, in that 
nitrogen balances probably would be more favorable. Lewis (22) has 
demonstrated just such an effect when a diet containing casein and beef 
heart was supplemented with small amounts of /-cystine; d/-methionine 
has been shown to be equally effective (17, 23). 

The large increase in organic sulfur of the urine which was consistently 
noted above when di-methionine was fed, and which was also seen in some 
of the l-cystine experiments, is of interest, since the ethereal sulfur and 
urinary cystine sulfur accounted for only an insignificant amount of the 
increase. Stekol noted an increase in neutral sulfur in only one of his 
methionine single feeding experiments (11). Virtue and Lewis (24) have 
described a similar increase while administering di-methionine to rabbits 
on an adequate diet. Since in the case of dl-methionine feeding the extra 
urinary organic sulfur amounted to as much as 30 to 40 per cent of the 
methionine sulfur fed, it should be possible to isolate this material from 
the dog’s urine. 

In one experiment on Dog 41-542, the withdrawal of choline from the 
basal diet led to an increase in the output of total urinary nitrogen. This 
effect was reversed by the restoration of choline and suggests that in the 
absence of an adequate dietary source of labile methyl groups the organism 
will sacrifice body protein in attempting to meet its minimal requirement. 


SUMMARY 


1. In dogs maintained on a very low protein diet, both d/-methionine and 
l-cystine have a marked protein-sparing action which becomes less striking 
as reserve stores of protein become depleted. 

2. A small daily supplement of dl-methionine or /-cystine can provide & 
variable but large proportion of the sulfur requirement in dogs on a very 
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low protein diet for as long a period as 24 days. dl-Methionine is more 
effective in this respect than /-cystine. In fact, the total urinary sulfur 
excretion with dl-methionine feeding does not exceed the total sulfur of the 
amino acid supplement. 

3. In some of the /-cystine experiments and in all of the di-methionine 
experiments, there was a large increase in the urinary organic sulfur fraction 
equivalent to 15 to 40 per cent of the fed amino acid sulfur. The exact 
nature of this organic sulfur fraction of urine is not yet known. 

4. In a single experiment the addition of choline to the basal diet very 
low in protein had a definite, though small, protein-sparing action. 
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AN IRON-PROTEIN COMPLEX OBTAINED FROM LIVER 


By B. LIBET anp K. A. C. ELLIOTT 
(From the Institute of the Pennsylvania Hospital, Philadelphia) 


(Received for publication, November 4, 1943) 


A protein called “ferritin” which contains 20 to 24 per cent of iron was 
described by Laufberger (1) and Kuhn e¢ al. (2) and has recently been 
closely studied by Granick et al. (3, 4). This material, which crystallizes 
readily in the presence of cadmium sulfate, is usually prepared from horse 
spleen, though it is obtainable, in smaller amounts, from other tissues. 
Preparations containing a different iron-protein complex have now been 
obtained, by a very simple procedure, from livers of all animals tested 
(rat, rabbit, guinea pig, pig, beef) but not in appreciable amounts from 
spleen or brain. We have no evidence to show that the iron-protein com- 
plex in our preparations is a single and specific chemical compound but for 
convenience the material will be referred to as “ferrin.” In the accom- 
panying paper (5) it is shown that ferrin behaves in the same way as iron 
salts in the catalysis of phospholipid oxidation. In the study of that 
catalysis, ferrin has the advantage over iron salts in being soluble in neutral 
solution. Possibly ferrin could take the place of iron salts in other iron- 
catalyzed reactions. 

Fresh liver was homogenized with 2 volumes of water, by use of a 
mechanical mixer, and the suspension was heated in a water bath to 90°, 
strained through gauze, and the liquid filtered. Sufficient 3 nN HCl was 
added to bring the pH to about 2.5 and the precipitate which formed was 
centrifuged down, washed with water, and dried in vacuo. From 1 kilo of 
pig liver, 2.2 gm. of a reddish brown acid precipitate were obtained which 
contained 6.3 per cent of iron.! (Adjusting the pH of the liver extract to 
4.6, instead of 2.5, gave a smaller yield of precipitate, 1.1 gm. per kilo, with 
a slightly higher iron content, 8.1 per cent.) 

Partial purification of the iron-protein was obtained as follows: 500 mg. 
of the acid precipitate were dissolved in 25 cc. of water, sufficient dilute 
NaOH being added to give a clear neutral solution. To this, 1.7 gra. of 
ammonium sulfate were added, and the pH brought back to 7.1 with drops 
of NaOH solution. The precipitate which formed was centrifuged down 


' Iron was determined by the method of Granick (3) except that the digestion was 
done by heating for an hour with 1.5 ec. of 70 per cent perchloric acid, then adding 
0.5 ec. of 30 per cent hydrogen peroxide, and heating a further 20 minutes. Sharp 
end-points were always obtained in the subsequent permanganate titration, whereas 
very indefinite end-points were obtained after digestion with sulfuric and nitric acids. 
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and redissolved in 25 cc. of water with a little NaOH. The solution was 
dialyzed for 4 days against running distilled water. The ferrin precipitated 
toward the end of the dialysis, probably as a result of the slight acidity of 
the distilled water (pH about 5.5). The supernatant fluid was centrifuged 
off and the precipitate dried in vacuo. 141 mg. of material containing 15,7 
per cent of iron were obtained. 

The acid precipitate, or purified ferrin, is almost insoluble in water but 
dissolves readily on the addition of sufficient alkali to bring the pH to 8 or 
9 and remains in solution when the pH is brought back as low as 6.7. 
The material gives positive biuret, xanthoproteic, Hopkins-Cole, and Mil- 
lon tests for protein. Strong solutions are colored a deep brown; dilute 
solutions, 0.5 mg. per cc., are brownish yellow. Viewed through a hand 
spectroscope, the solutions show no absorption bands, and treatment with 
alkali, pyridine, and hydrosulfite produces no hemochromogen bands, 
Treatment with 0.3 Nn HCl and ferrocyanide or thiocyanate gives a strong 
reaction foriron. The iron appears to be in the ferric state, since potassium 
ferricyanide or a,a’-bipyridine and dilute acid, air being excluded, give no 
color; only after reduction with hydrosulfite does the test become positive. 
When ferrin is treated with strong HCl, a yellow solution is obtained; if this 
solution is gradually neutralized and made alkaline, protein precipitates out 
and then redissolves, leaving a precipitate of ferric hydroxide. Evidently 
treatment with strong acid irreversibly destroys the ability of the protein 
to combine with iron. Ferrin may be dissolved in strong NaOH solution 
without suffering any apparent change. 

Ferrin resembles ferritin in being a protein containing large amounts of 
iron which can be separated from the protein by treatment with acid but 
not by dialysis from neutral solution. It differs from ferritin in several 
respects. On addition of cadmium sulfate to ferrin solutions, no crystals 
were formed but merely a large amorphous precipitate. Ferrin was pre- 
cipitated by a lower concentration of ammonium sulfate than is ferritin. 
Little or no acid precipitate was formed from horse spleen extract, heated 
to 80°, which is the richest source of ferritin. As is shown in the accom- 
panying paper, the iron in ferrin is more active than the iron in ferritin in 
the catalysis of phospholipid oxidation. 

Since heat is involved in its preparation, it is possible that ferrin is a 
denatured product. Attempts to obtain preparations by methods not 
involving heat coagulation of other tissue proteins have not yet been suc- 
cessful. Whether or not ferrin is a denatured product, it is a substance of 
interest in view of its high, catalytically active, iron content and as a form 
in which large amounts of iron may be held in neutral or alkaline solution 
when ionizable iron is almost completely precipitated. Briickmann and 
Zondek (6) found the content of non-hemin iron of dry human, rat, and 
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ealf livers, to be about 98, 69, and 35 mg. per 100 gm. of dry tissue respec- 
tively. The yield of iron in the acid precipitate was about 48 mg. per 100 
gm. of dry pig liver. It seems probable that much of the non-hemin iron 
in liver is normally present in some form of combination with protein 
either as ferrin or as a substance which is changed to ferrin by heat. 


SUMMARY 


An iron-protein complex, soluble in neutral or alkaline solution, has been 
obtained from liver. Partially purified, the material contains 15.7 per 
cent of iron. 
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OXIDATION OF PHOSPHOLIPID CATALYZED BY IRON 
COMPOUNDS WITH ASCORBIC ACID 


By K. A. C. ELLIOTT anv B. LIBET 
(From the Institute of the Pennsylvania Hospital, Philadelphia) 


(Received for publication, November 4, 1943) 


Thunberg (1) found that traces of iron salts accelerated the oxygen up- 
take of emulsions of phospholipid preparations. Warburg (2) found that 
iron salts stimulate the respiration of “granular suspensions” of sea urchin 
eggs and promote oxygen uptake by commercial egg lecithin and linolenic 
acid. Maximum rates were obtained in weakly acid solutions. More 
recently Panimon, Horwitt, and Gerard (3) have shown that ferric and 
ferrous salts increase the rate of oxygen uptake of suspensions of brain and 
other tissues and they concluded that phospholipids, and also proteins, 
were oxidized. Deutsch, Kline, and Rusch (4) have found that, in the 
presence of ascorbic acid at pH 4, liver phospholipid takes up oxygen at a 
considerable rate. 

We have confirmed the findings of Panimon et al. and Deutsch et al. 
but have found that ascorbic acid and very small amounts of iron together 
cause a very great acceleration of the oxygen uptake of brain and liver sus- 
pensions and of phospholipid at neutral pH. The kinetics of the oxidation 
of the iron-ascorbic acid-phospholipid system are peculiar and the system 
is affected by several substances of physiological interest. 

For many of the experiments reported, the iron added was in the form of 
the iron-protein complex obtained from liver which was described in the 
preceding paper (5) and is referred to as ferrin. Ferrin iron behaved in 
general in the same way as iron salts but had the advantage of being 
soluble in neutral solution. 


Methods 


Oxygen uptake was measured with Barcroft differential manometers at 
38°. The gas space contained air and the total volume of liquid was 3 ce. 
Neutralized ascorbic acid and iron solutions were added from side bulbs. 
Since the oxidation of ascorbic acid is strongly catalyzed by traces of copper 
(6), all solutions were made up in, and glassware rinsed with, water which 
had been twice redistilled in all-glass apparatus. For most experiments 
this precaution may not have been necessary, since both ferrin and the 
phospholipid strongly inhibited the catalytic effect of added copper salt on 
ascorbic acid oxidation. 

Tissues and lipids were homogenized, by means of the apparatus of Potter 
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and Elvehjem (7), in sodium phosphate buffer, m/60 for tissues, M/30 for | 


lipids, usually at pH 7.0. Fatty acids were reduced to quite stable emul. 
sions by adding buffer and about an equivalent of NaOH solution and then 
sufficient HCl solution to return the pH to 7.0. Iron salts, solid ferrous 
ammonium sulfate and a standard solution of ferric chloride, were added to 
large volumes of buffer solution and the pH adjusted with drops of 0.5 x 
NaOH. In this way iron salt suspensions which settled slowly were ob- 
tained. All suspensions were freshly prepared for each experiment. 

For experiments with the iron-protein complex, the crude “acid pre- 
cipitate” described in the preceding paper, containing 6.3 per cent of iron, 
was used. This was dissolved in phosphate buffer with the aid of a little 
NaOH and the pH was then adjusted with HCl. 

Effects of Ascorbic Acid and Iron on Tissue Suspensions—As is shown in 
Fig. 1, the addition of ascorbic acid to hypotonic brain suspension caused 
the initial respiration rate to be maintained better. The addition of as- 
corbic acid (0.001 m) and iron (5 micromoles in 3 cc.) produced a very large 
acceleration of the initial rate of respiration, though the effect fell off rapidly. 
Iron alone caused a smaller but appreciable initial stimulation. The effect 
of iron alone probably depends on the ascorbic acid present in the tissue, 
Bessey and King (8) found about 0.36 mg. of ascorbic acid per gm. of rat 
brain, which would be sufficient to produce the observed activity of added 
iron. With well washed brain suspension, the effect of iron without as- 








corbic acid practically disappeared but became fully apparent on addition 
of ascorbic acid. Rat liver suspensions behaved very similarly to brain 
suspensions. 

Brain tissue suspensions which had been heated to 100° for 15 minutes 
behaved similarly to washed suspensions. Acetone-dried brain retained 
its activity but, after exhaustive extraction with benzene or alcohol and 
ether, iron and ascorbic acid had little or no effect, indicating the lipid 
nature of the oxidizable material. 

With brain suspensions prepared in isotonic medium the respiration rate 
is much greater than with hypotonic suspensions (9) and added ascorbic | 
acid alone had almost no effect. When iron and ascorbic acid were added, 
the usual large initial acceleration of oxygen uptake occurred, but after 
about 90 minutes the rate fell off to well below the control value (Fig. 2). 
Evidently the iron-catalyzed oxidation results in destruction of structures 
or compounds upon which the normal respiration depends. 

The effects of ferrous and ferric iron and the iron-protein complex were 
similar. The extra oxygen uptake caused by iron compounds was not 
accompanied by increased CO, evolution. 


Mized Brain Phospholipid—Most of this work has been done on purified 


mixed phospholipids prepared from beef brain according to Chargaff et al. | 
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(10). The material, when freshly prepared, was almost pure white. It 
was stored in evacuated bottles in the refrigerator and any which became 
markedly yellow, as a result of repeated exposure to air, was discarded. 
The oxygen uptake by emulsions of this material without additions was 
almost imperceptible. Addition of ascorbic acid alone caused an appre- 
ciable oxygen uptake. Addition of small amounts of iron alone had no 
effect. But iron and ascorbic acid together caused a very rapid initial 
oxygen uptake. The rate fell off steadily, tending toward a total uptake 
which depended upon the concentrations of the components of the system. 
No CO, was evolved. 
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Fic. 1. Effects of iron and ascorbic acid on hypotonic brain suspension. Fresh 
weight of tissue, 300 mg.; ascorbic acid, 0.001 m; ferric salt, 5 micromoles (0.0017 m); 
crude ferrin, 5 mg. (0.0018 m ferrin iron); pH 7.0. 

Fig. 2. Effects of iron and ascorbic acid on isotonic brain suspension containing 
glucose. Same additions as in Fig. 1. 


In phosphate buffer solution the activity of the system increased consider- 
ably with increasing hydrogen ion concentration. The curves shown in 
Fig. 3 were obtained with iron added as ferrin which was completely in 
solution except at pH 6. In acetate buffer at pH 4.7, ascorbic acid, 0.003 
M, alone gave a more rapid oxygen uptake than at pH 7, and ferric salt 
(1 micromole of suspension in 3 cc.) gave a very slow uptake. Ferrous salt 
(1 micromole of suspension in 3 ec.) gave an oxygen uptake which was not 
affected by the presence or absence of ascorbic acid; the uptake continued 
for a long time but followed an erratic course and the initial rate was ac- 
tually lower than with ascorbic acid alone. The erratic course of the up- 
take and the inhibition of the effect of ascorbic acid are probably connected 
with the formation of a clumpy precipitate some time after the iron suspen- 
sion and phospholipid emulsion are mixed. In 0.1 N HCl at pH 1.3, the 
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phospholipid was largely precipitated and the effect of ascorbic acid alone 
was decreased again. Ferrous salt, with or without ascorbic acid, caused 
rapid but still erratic oxygen uptake. 

It seems that ferrous iron is the active catalyst. At pH 7 or higher, 
ferrous salt alone is quickly oxidized but the presence of ascorbic acid prob- 
ably keeps the iron in the reduced, active state. At acid pH values, fer. 
rous iron is not readily oxidized by oxygen, so that ascorbic acid is not 
needed; ferric iron, however, has to be reduced before it becomes active. 

With constant amounts of ascorbic acid and iron, the rate, and total 
amount, of oxygen uptake increased on increase of the phospholipid concen- 
tration from 9 to 60 mg. in 3 cc., though not quite proportionately. The 
initial rate was increased about 15 per cent by substituting oxygen for air, 
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Fic. 3. Effect of pH. Phospholipid, 30 mg. Continuous lines, experiments with 
ascorbic acid, 0.002 m, plus crude ferrin, 0.3 mg. (1.1 X 10~‘ m ferrin iron); broken 
lines, with ascorbic acid alone. The solutions were adjusted to the pH values shown, 
with a glass electrode. 

Fie. 4. Effects of ascorbic acid concentration. Phospholipid 30 mg.; ascorbic 
acid concentrations as shown. Continuous lines, with 5 mg. of crude ferrin (0.0018™ 
ferrin iron); broken lines, no addediron. pH 7.0. 


Increasing low concentrations of ascorbic acid increased the initial rate 
and total amount of oxygen uptake towards a maximum but further in- 
crease in ascorbic acid concentration resulted in inhibition or early falling 
off of the rate (Fig. 4). A lower concentration of ascorbic acid was re 


quired to produce inhibition if the iron concentration was raised. With one | 
preparation of phospholipid, the optimum ascorbic acid concentration was | 


about 0.004 m in the presence of 0.3 mg. of crude ferrin in 3 cc. (10*M 
ferrin iron) and about 0.003 m with 5 mg. of crude ferrin in 3 cc. With 
another preparation the optimum ascorbic acid concentration was lower, 
0.0015 m with 5 mg. of ferrin. 

The initial rate and the total amount of oxygen uptake increased with 
increasing low iron concentrations towards a maximum at about 1 micro- 
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mole of iron in 3 cc. (Fig. 5), and with amounts above 5 micromoles the 
rate fell off early, just as with high concentrations of ascorbic acid. At all 
concentrations less than the optimal, approximately half the total oxygen 
uptake occurred in the first 30 minutes. 

The tendency to reach a maximum oxygen uptake cannot be ascribed to 
exhaustion of phospholipid, since different maxima were reached with differ- 
ent amounts of iron. Nor can it be accounted for by destruction of 
ascorbic acid, since excess of this induced earlier inhibition. It seems likely 
that an inhibitor must be produced by the reaction and accumulate with 
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Fie. 5. Effects of iron concentration. Phospholipid 30 mg., ascorbic acid, 0.003 m; 
pH7.0. (1 mg. of crude ferrin in 3 cc. makes 3.7 X 10~‘ m ferrin iron.) 

Fic. 6. Effects of iron and ascorbic acid on unsaturated fatty acids. Continuous 
lines, linolenic acid, 40 mg.; broken lines, linoleic acid, 40mg. Ascorbic acid, 0.003 m; 
ferric salt, 1 micromole (3.3 X 10-4 m Fe); crude ferrin, 1 mg. (3.7 X 10~‘ m ferrin 
iron); pH 7.0. 


With brain tissue suspensions, similar inhibitory effects of excess ascorbic 
acid (above 0.003 m) and iron (above 10 mg. of ferrin in 3 cc.) were observed. 

Other Lipid Preparations—Mixed phospholipid was prepared from pig 
liver by the same method as the brain phospholipid; it was initially quite 
yellow. With ascorbic acid alone at pH 7, it took up oxygen much more 
rapidly than did brain phospholipid but the rate and amount of oxygen 
uptake were still increased by the further addition of iron. 

Of the brain phospholipids, cephalin was the only fraction which be- 
haved like the mixed phospholipid preparation. Cephalin was prepared 
from beef brain according to the method of Folch and Schneider (11). 
Beef brain lecithin, prepared through the cadmium compound by the 
procedure given in Hawk and Bergeim (12), was quite inactive. The 
inactivity was not due to inhibition by traces of cadmium, since less than 
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10-* m cadmium could be detected in the emulsion by the dinitrophenyl. 
carbazide test (13), whereas 10-* m cadmium added gave a strong test but 
less than 30 per cent inhibition with mixed phospholipid. A preparation 
which presumably contained sphingomyelin was almost inactive. To 
obtain this material a concentrated petroleum ether extract from acetone- 
and alcohol-extracted beef brain was treated with 5 volumes of absolute 
alcohol and the precipitate was dissolved in ether. On standing in the 
refrigerator, a precipitate appeared which should consist of sphingomyelin 
and some cerebroside. The precipitate was washed with ether, alcohol, 
and ether and dried in vacuo. 

A preparation of cerebrosides was also inactive. To obtain this material, 
beef brain, after extraction with acetone and petroleum ether, was extracted 
with hot pyridine. The pyridine extract was poured into 4 volumes of 
acetone and the white precipitate was crystallized three times from alcohol- 
chloroform mixture and dried in vacuo. Cholesterol, glycerol, and stearic 
and oleic acids were also inactive. 

Linoleic and linolenic acids (both obtained from A. D. Mackay, New 
York) gave appreciable oxygen uptake with ascorbic acid alone, and on 
addition of ferrin or iron salts with ascorbic acid the rate increased consider- 
ably, but it was not nearly as high as during the initial period with phospho- 
lipid (Fig. 6). 

Specificity of Ascorbic Acid Activity—Though the activity of ascorbie 
acid in potentiating the oxygen uptake of phospholipid with iron at neutral 
PH is presumably connected with its reducing property, we have not been 
able to obtain any appreciable effect with equivalent amounts of cysteine, 
glutathione, hydroquinone, epinephrine, or sulfite. Sulfite rapidly took 
up just the amount of oxygen required to produce sulfate, even in the ab- | 
sence of iron. Cysteine took up rapidly about twice the amount of oxygen 
required to produce cystine, whether iron was present or not.' | 

It seems possible that its action as a cocatalyst of the oxidation of | 
phospholipid material may be a specific activity of ascorbie acid in bio- | 
logical systems. . 

Activity of Iron in Different Forms—In order to compare, approximately, 
the activity of iron in different forms, experiments were run with equal 
samples of the same solutions of phospholipid and ascorbic acid to whieh 
were added, in different manometer flasks, 0, 0.1, and 0.5 mg. of a standard 
ferrin preparation and two different amounts of the unknown which would 
not exceed the activity of the higher standard. The uptakes of the stand- 


1 In the absence of phospholipid or iron, cysteine oxidation alone is very slow and 
in the presence of iron alone not more than the theoretical uptake to produce cystine 
occurs. Evidently phospholipid and cysteine or cystine interact in some Un- 
known way. 
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ards in 30 minutes were plotted against the amount of standard as in Fig. 5. 
The amounts of standard corresponding to the uptakes of the unknowns 
at 30 minutes were read from the standard curve. 

Per unit weight of iron, the activities of solutions of different prepara- 
tions of crude ferrin and of suspensions of inorganic ferric and ferrous salts 
were about equal. But in general there was no correlation between iron 
content and activity of different iron-protein preparations except that 
preparations containing no iron showed no activity. If 100 is taken as the 
activity per unit weight of iron in crude ferrin (the precipitate at pH 2.5 
from heated liver extract), the activities per unit weight of iron in two 
preparations of purified ferrin, containing 12.4 and 15.7 per cent of iron, 
were respectively 74 and 50. The preparation containing 15.7 per cent of 
iron is described in the preceding paper (5); the other preparation was 
obtained similarly but without ammonium sulfate precipitation. A 
precipitate, obtained by adjusting heated liver extract to pH 4.6, con- 
tained 8.1 per cent of iron and its activity per unit weight of iron was 20. 
Cadmium-free ferritin, containing 17.6 per cent of iron, and thrice crystal- 
lized cadmium ferritin, containing 19.2 per cent of iron, showed activities 
per unit weight of iron of only 11 and 9. These materials were prepared 
from horse spleen according to Granick (14); both preparations were 
thoroughly dialyzed and the solutions were dried from the frozen state. 
On addition of 30 gm. of ammonium sulfate per 100 cc. to heated liver 
extract, the iron-protein was all precipitated; saturation of the mother 
liquor with ammonium sulfate gave a precipitate containing no iron and 
showing no activity. The precipitate obtained at pH 2.5 from heated 
brain extract contained practically no iron and showed no activity. 

Potassium ferri- and ferrocyanide were inactive. Cytochrome c 
preparations, 0.5 to 1.0 mg. in 3 ec., were inactive, while hemin, 0.3 to 1 mg. 
(1.5 to 5 X 10-* m), and nicotine hemochromogen (10~* m hemin plus 0.05 m 
nicotine neutralized) inhibited the uptake which occurred with phospho- 
lipid and ascorbic acid alone. Small amounts of hemoglobin (cytolyzed 
human red cells and dried dog hemoglobin) behaved very much like ferrin 
or iron salts but were very much more active per unit weight of iron? But 
there was a slight lag before the full effect of hemoglobin was evident and, 
after experiments with small amounts of hemoglobin, spectroscopic ex- 
amination of vessel fluids treated with alkali, pyridine, and hydrosulfite 
showed no, or much reduced, hemochromogen bands indicating destruction 
of the heme nucleus. Further, increasing the amount of hemoglobin in 
the 3 cc. of emulsion from 0.1 to 0.5 mg. caused a relatively small increase 


* Lemberg et al. (15) found that oxyhemoglobin with ascorbic acid took up oxygen 
with the formation of choleglobin and dehydroascorbic acid. This oxygen uptake 
did not occur appreciably under our conditions. 
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in uptake rate and 5 mg. had the same effect as 50 mg. It is therefore 
probable that the actual catalyst was a breakdown product of hemoglobin, 

Inhibitors and Accelerators—The oxygen uptake by phospholipid plus 
ascorbic acid alone was appreciably inhibited by cyanide. But 0.01 y 
cyanide (neutralized) caused only a slight decrease in the initial oxygen 
uptake rate of phospholipid plus ascorbic acid plus iron salt or ferrin (Fig, 
7), or hemoglobin; the rate was better maintained and a greater total up- 
take occurred. Cyanide is commonly regarded as a general inhibitor of 
oxidations catalyzed by iron and the present system is therefore unusual, 

The effect of iron and ascorbic acid on tissue suspensions or purified 
phospholipid was almost completely inhibited by 10~* m epinephrine, less 
completely by tyramine and 3 ,4-dihydroxyphenylalanine. Catechol and 
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Fic. 7. Effect of cyanide. Phospholipid 30 mg.; ascorbic acid, 0.002 m; ferric salt, 
0.24 micromoles (0.8 X 10~‘ m) ; crude ferrin, 0.5 mg. (1.8 X 10~‘ m ferrin iron); pH 74. 
Continuous lines, without cyanide; broken lines, with 0.01 m cyanide. 

Fie. 3. Effect of histidine with ascorbic acid and iron on brain suspension. Tis- | 
sue, 200 mg.; ascorbic acid, 0.001 m; crude ferrin, 5 mg. (0.0018 m ferrin iron); l(—)- 
histidine, 0.01 m; pH 7.0. 


hydroquinone were also strongly inhibitory and phenol had an appreciable 
effect. Phenylpyruvic acid was also strongly inhibitory. 

Neutralized horse or rat serum, 1.2 cc. in 3 cc. total, had little effect on 
the uptake of brain tissue or purified phospholipid with ascorbic acid alone 
but it almost completely inhibited the effect of added iron. The effect 
could be largely accounted for as inhibition by calcium. Calcium chloride, | 
0.0013 m, inhibited the effect of iron about 90 per cent. Magnesium chlo- 
ride in the same concentration inhibited only about 20 per cent. Soluble 
protein also inhibited considerably. Gelatin and egg albumin, 10 mg. per 
ec., inhibited about 25 and 45 per cent respectively. 

With brain suspensions, 0.01 m histidine increased the effect of added 
ascorbic acid and increased still more the initial effect of ascorbic acid plus 
iron, though the uptake rate fell off earlier (Fig. 8). Similar but less pro- 
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nounced effects were obtained with a number of other d- and J-amino 
acids. With purified phospholipid, histidine increased the effect of ascorbic 
acid added alone. However, there was no stimulation of the initial effect 
of ascorbic acid plus iron on purified phospholipid, though the early fall 
in oxygen uptake was marked. 


DISCUSSION 


The above work suggests that inorganic iron or soluble iron-protein 
compounds, together with ascorbic acid, may play a part in the metab- 
olism of lipid material and may also have significant effects on perme- 
ability and other functions of nervous tissue and cell surfaces since phos- 
pholipids are prominent constituents of these. The sensitivity of the 
oxidizing system to epinephrine, calcium, and certain amino acids may be 
a clue to some of the specific actions of these substances. However, it will 
be difficult to bring the observations into clear relation with other fields 
of biochemistry until information concerning the products of the oxidation 
and the mechanism of the interaction of the components of the system is 
available. 

It should be pointed out that heated liver extract is the source of the 
iron-protein complex referred to as ferrin and, as commonly prepared, 
would contain at least 1 mg. of ferrin per cc. Addition of such extracts to 
respiring tissue suspensions produces considerable acceleration of respira- 
tion followed by inhibition (9), just as iron does even without added as- 
corbic acid. It is probable that some of the results of various workers 
who have added heated tissue extracts as sources of mixed coenzymes may 
be complicated by the effects of ferrin.* 


SUMMARY 


1. The respiration of tissue suspensions of brain or liver is stimulated 
for 30 to 40 minutes by the addition of small amounts of iron or iron-pro- 
tein complex. This stimulation is greatly increased by the addition of 
ascorbic acid. Ascorbic acid alone causes the respiration of hypotonic 
tissue suspensions to be better maintained but has no effect on isotonic 
suspensions. 

2. With purified mixed phospholipid from brain or liver at neutral pH, 
ascorbic acid causes some oxygen uptake. Ascorbic acid plus iron com- 


*In fact, iron impurities in various materials added in experiments on tissue 
respiration can lead to erroneous conclusions. For instance, stimulation of brain 
respiration by iron impurity in several glycogen preparations led us (16) previously 
to report erroneously (17) that glycogen was readily oxidized by brain tissue through 
a system different from that for glucose. Glycogen may be freed of the impurity by 
precipitation, once or twice, with alcohol from solution in 1 n hydrochloric acid. 
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pound causes very rapid initial oxidation, the rate falling off with time, 
The activity of the system varies in a complex manner with varying con- 
centrations of the components. 

3. Of brain phospholipids, only the cephalin fraction undergoes oxidation 
with iron and ascorbic acid. Linoleic and linolenic acids are oxidized but 
more slowly than mixed phospholipid or cephalin. 

4. No other reducing agent tried was able to replace ascorbic acid in the 
system. 

5. The effects of different iron-protein preparations are not proportional 
to their iron content. Ferritin is less active than ferrin. Hemoglobin in 
small amounts is destroyed by phospholipid and ascorbic acid, giving rise 
to an active catalyst of the oxidation. Cytochrome c and hemin are 
inactive. 

6. Cyanide causes little inhibition of, and maintains for a longer time, 
the effects of iron and ascorbic acid. Epinephrine and other phenols are 
strongly inhibitory. Serum is strongly inhibitory; its effect may be largely 
accounted for by inhibitory effects of calcium and of protein. Some amino 
acids, especially histidine, have marked stimulatory and subsequent in- 
hibitory effects on the system. 
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A BLUE CHROMOPROTEIN FOUND IN THE EGGS OF THE 
GOOSE-BARNACLE 


By ERIC G. BALL 


(From the Marine Biological Laboratory, Woods Hole, the Department of Physiological 
Chemistry, the Johns Hopkins University School of Medicine, Baltimore, and the 
Department of Biological Chemistry, Harvard Medical School, Boston) 


(Received for publication, November 29, 1943) 


The eggs and embryos of the goose-barnacle' contain a pigment the color 
of which depends upon the age of the developing embryo. Dr. D. P. 
Costello, who drew my attention to this pigment, furnishes the following 


description : 


“The eggs in the ovary and the earliest cleavage stages in the egg lamella are a dis- 
tinct pale blue. By the gastrula stage, the color becomes lavender with a blue spot 
remaining in the yolky interior slightly above the equator of the egg. The early 
nauplii are somewhat less blue and more pink in color, the greatest intensity of color 
being in the interior of the nauplius. Hatched nauplii from the mantle cavity, when 
examined in mass, are entirely pink, having lost the blue color entirely. There is 
thus a gradual transition from blue to pink during embryonic development.”’ 


There will be described in this paper experiments which indicate that the 
blue pigment of the eggs is a carotenoid-protein compound. Dissociation 
of this complex into its component parts results in the production of a 
colorless protein and a red carotenoid-like substance. It would appear 
that the change in color of the developing embryos must be ascribed to a 
similar dissociation of the carotenoid-protein complex. 

Extraction and Properties—The egg lamella, which consisted of a flat 
sheet of eggs, was removed from the mantle cavity. Most of those ob- 
tained were blue in color. Those that were lavender or pink in color were 
segregated and worked up separately. The blue eggs were ground in a 
mortar with sand and water and the mixture centrifuged. The turbid blue 
supernatant was decanted and the residue further extracted with 1 per cent 


! Goose-barnacles are not indigenous to the Woods Hole waters. They are occa- 
sionally found in this region at various times between June and September when 
prolonged southeast winds have carried drifting material of the Gulf Stream in this 
direction. For the most part, those employed in this study were obtained from a 
floating piece of timber picked up in Vineyard Sound during the summer of 1940. 
According to Dr. Costello, they were probably Lepas anatifera, though positive 
identification was not made. During the summer of 1943, a few specimens of Lepas 
fascicularis were obtained. The eggs of this species contain a blue pigment with 
properties similar to those described here. The spectrophotometric data presented 
were obtained entirely on the pigment from Lepas fascicularis. 
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ammonium sulfate until it was colorless. The pigment was not water- 
soluble in the absence of salt. The centrifuged extracts were then com- 
bined and brought to 50 per cent saturation with ammonium sulfate. The 
precipitated pigment was centrifuged off and dissolved by the addition of 
a volume of water equal to the volume of the original extracts. The blue 
solution so obtained was opalescent and contained some undissolved 
material. Ammonium sulfate was now added to make a 25 per cent 
saturated solution and the precipitate centrifuged down and discarded. 
The supernatant, which was water-clear and deep blue in color, was then 
brought to 42 per cent saturation with respect to ammonium sulfate. The 
precipitated pigment was centrifuged off and dissolved by the addition of 
water. Dialysis of the resulting clear blue solution at 6° overnight against 
distilled water caused the pigment to precipitate as the salts were removed. 
The precipitated pigment could be separated by centrifugation and dis- 
solved in weak salt solutions. This step was, however, of little value in 
purification of the pigment, since a loss in color intensity occurred. This 
loss in color on dialysis does not appear to be due to the loss of a dialyzable 
prosthetic group, since solutions of the pigment also lose their color slowly 
on standing in the refrigerator. At room temperature and in the presence 
of light and oxygen, solutions of the pigment lost most of their color within 
12 hours. No attempts were made to prevent this fading by the use of an 
inert atmosphere, though it seems likely that it is due to an oxidative 
reaction. The pigment, when in the precipitated state under ammonium 
sulfate, may be kept in the refrigerator for weeks without any apparent 
loss in color. All experiments to be described subsequently were, therefore, 
performed upon solutions freshly made from a precipitate of the pigment 
preserved under ammonium sulfate. 

Attempts to extract the pigment from the pink or lavender eggs by a 
similar procedure were unsuccessful. A pigment could be removed, how- 
ever, if 95 per cent ethyl alcohol or methyl alcohol was employed for ex- 
traction purposes. The alcohol solutions so obtained contained a red 
pigment which was similar in properties to that which could be obtained 
from the blue eggs and which will be described subsequently. 

At first glance, it seemed not unlikely that the difference in color of dif- 
ferent batches of eggs could be attributed to a difference in acidity, a change 
from blue to pink occurring perhaps as development occurred and metabolic 
processes increased the acidity. Indeed, addition of a strong acid to the 
blue eggs caused them to turn red. However, the subsequent addition of 
alkali did not restore the blue color. Moreover, the addition of alkali to 
the blue eggs also caused them to turn red. It was then found that any 
process such as+the application of heat or the addition of alcohol which 
brought about the denaturation of the protein caused a change in color from 





er- 
m- 
‘he 

of 
lue 


ant 
en 
‘he 
nst 


lis- 


ble 
vly 
1ce 


ive 
1m 
ant 
re, 
nt 











E. G. BALL 629 


blue to red. In the case in which alcohol was added, the pigment dissolved 
to leave a colorless residue. In all other cases, the pigment was precipi- 
tated out of solution along with the denatured protein. 

This behavior of the pigment suggested that it was similar to the green 
earotenoid-protein pigment to be found in lobster eggs and shells. Stern 
and Salomon (3) in studying ovoverdin, the pigment of the lobster egg, 
showed that if solutions of this pigment were heated rapidly to 65-70° they 
changed from green to red and, if they were then quickly cooled, the green 
color returned. This process could be repeated but not indefinitely, since 
some denaturation of the protein occurs each time. Solutions of the blue 
pigment from goose-barnacle eggs were found to display similar properties. 
When heated to 60-65°, the color changed from blue to lavender to pink. 
If cooled immediately in ice water, the blue color was nearly completely 
restored, though indications of some irreversible changes were evident. 
Repetition of the process eventually resulted in complete irreversibility of 
the reaction and the production of a red precipitate. 

This reversible thermal dissociation of the chromoprotein suggested that 
a similar effect might be obtained by the cautious acidification of the pig- 
ment. However, the slow addition of acid to buffered solutions of the 
pigment until the red form was produced always resulted in denaturation of 
the protein and the consequent irreversibility of the reaction. There was 
then tried a procedure first introduced by Warburg and Christian (5) of 
acidification in the presence of ammonium sulfate in order to protect the 
protein from denaturation. This proved to be successful. A solution of 
the pigment was 25 per cent saturated with ammonium sulfate, placed in 
an ice bath, and ice-cold 1 N HCl added in 0.01 to 0.02 cc. increments, 
slowly and with swirling of the solution. The solution gradually became 
turbid and then the color changed from blue to lavender to light red as more 
acid was added. The addition of acid was stopped as the red color was 
reached. If cold 0.1 m NasHPO, was then added, the original blue color 
was nearly completely restored and only a slight turbidity remained. 
Centrifugation of the mixture yielded a clear blue solution which had the 
appearance of the original untreated solution. 

The experiment was then repeated on this same solution, but instead of 
being immediately reneutralized as the red color was again reached, cold 
saturated ammonium sulfate was added to make the solution 50 per cent 
saturated with respect to this salt. The red precipitate formed was 
centrifuged off in the cold and the clear colorless supernatant discarded. 
Upon addition of 0.1 a NagHPO, to the red precipitate, it dissolved nearly 
completely without, however, turning blue. Centrifuging now yielded a 
clear red solution and no manner of treatment would turn it blue. Heating 
the solution coagulated the protein and a red precipitate of the pigment and 
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protein resulted. The possible significance of these findings will be dis- 
cussed later. 

An attempt was next made to obtain some idea of the pH range within 
which this color change occurred. The blue pigment was therefore dis- 
solved in 0.1 m Na,HPQ, and brought to 25 per cent saturation with 
ammonium sulfate. Four aliquots of the ice-cold mixture were then 
treated with 1 n HCl so as to produce color changes which by eye were 
judged to represent 25, 50, 75, and 100 per cent conversion from the blue 
to the red form. The solutions were then brought to room temperature 
and their apparent pH values determined with the glass electrode. The 
pH values obtained were 4.13, 3.61, 3.37, and 3.24. The pH at the point 
where the color was lavender and the conversion judged to be 50 per cent 
complete was thus 3.61. If it can be assumed that the color change repre- 
sents the dissociation of a weak acid, then its pK value must be in the 
neighborhood of 3.6. 

Some of the properties of the colored prosthetic group were next investi- 
gated. This could be obtained free from the protein by extracting it with 
95 per cent ethyl alcohol from an ammonium sulfate precipitate of the 
pigment or from the eggs themselves. The clear, orange-red, alcoholic 
solution was separated from the colorless protein residue by centrifuging. 
Evaporation of the alcohol at room temperature left a water-insoluble oily 
red residue. This residue dissolved readily in ethyl ether and when such 
a solution was underlaid with concentrated H,SO,, a faint green color could 
be observed at the interface of the twa liquids. The residue was also 
soluble in petroleum ether and the pigment could be extracted completely 
from this solvent with 90 per cent methyl alcohol. Solutions of the pigment 
when viewed with a hand spectroscope showed a broad absorption band in 
the region of \ 500 mu. These properties of the pigment are characteristic 
of carotenoids of the xanthophyll type (cf. Zechmeister (6)). 

Kuhn and Sérensen (1) have described the isolation of a red carotenoid 
pigment which they have called astaxanthin from the green chromoprotein 
found in lobster eggs. These workers have reported that astaxanthin forms 
blue salts when solutions of it are made alkaline in the absence of air. If 
oxygen is present, a rapid oxidation to the red astacene occurs. It seemed 
possible that the red carotenoid obtained from the goose-barnacle eggs might 
also be astaxanthin, and an attempt was made therefore to convert it to a 
blue salt. An alcoholic solution of the pigment was freshly prepared from 
the blue chromoprotein and placed in a Thunberg tube. Alcoholic KOH 
was then placed in the side arm and the tube evacuated. When the 
contents of the tube were mixed, no color change could be observed. It 
is possible that this negative result is due to the presence of some water in 
the alcoholic solution. Unfortunately, an accident invalidated an attempt 
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to repeat the experiment with pyridine, which appears to be the solvent 
Kuhn and Sérensen employed, though this is not clearly stated in their 
article. 

The limited quantity of material available prevented further tests along 
this line from being made. The question of the identity of the prosthetic 
group of the blue chromoprotein with astaxanthin must, therefore, be left 
in abeyance. 

During the summer of 1943, a few specimens of the goose-barnacle, Lepas 
fascicularis, were obtained. The blue pigment of the eggs of this species 
was found to possess properties similar to those described above. The blue 
chromoprotein was purified by the procedure outlined and its absorption 
spectrum determined with the aid of a Beckman quartz spectrophotometer. 
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Fic. 1. Absorption curves for chromoprotein dissolved in neutral salt solution and 
the prosthetic group dissolved in 90 per cent ethanol. 


The results are given in Fig. 1. At the end of the run, the blue pigment was 
precipitated with ammonium sulfate and the prosthetic group split off from 
the precipitate by the addition of 95 per cent ethyl alcohol. The absorp- 
tion spectrum of the pink alcoholic solution was then also determined, with 
the results shown in Fig. 1. Owing to the limited amount of pigment 
available, the density values are very low and hence not too accurate. 
The results, however, serve to indicate the pronounced difference in absorp- 
tion spectra between the chromoprotein and its prosthetic group. Maxi- 
mum absorption of the chromoprotein occurs in the region \ 600 my, while 
the prosthetic group has its peak absorption in the region \ 480 mu. There 
is an indication that the absorption spectrum of the prosthetic group 
possesses two shoulders on either side of its peak, similar to that given by 
Kuhn and Sérensen (1) for astaxanthin. The maximum absorption of 
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astaxanthin dissolved in pyridine as reported by these workers is located 
at A 490 to 495 mu. 


DISCUSSION 


The blue color of the eggs of the two species of Lepas studied here is 
mentioned by Charles Darwin in his ‘““Monograph on the Cirripedia” pub- 
lished in 1851. Darwin states that the eggs change in color from blue to 
pink upon the addition of “spirits.” This property of the blue chromo- 
protein of these eggs as well as others described here resembles those of 
ovoverdin, the green carotenoid-protein compound obtained from lobster 
eggs. Both pigments undergo a reversible color change to red with mild 
heating and a permanent change to this color with any process that causes 
denaturation of the protein part of the pigment, such as the addition of 
alcohol. Ovoverdin, according to Stern and Salomon (3), is to be classed 
as an albumin, since it is water-soluble and precipitated only from solutions 
completely saturated with ammonium sulfate. The blue pigment from 
goose-barnacle eggs, on the other hand, is not water-soluble and is pre- 
cipitated from solutions 42 per cent saturated with ammonium sulfate. 
It may, therefore, be classed as a euglobulin. Since both pigments yield 
a red-colored prosthetic group, it might appear that the difference in their 
protein moieties is responsible for the difference in color of the two chromo- 
proteins. No definite conclusion along this line should be drawn, however, 
until the identity of their prosthetic groups is established. 

Astaxanthin, the prosthetic group of ovoverdin, has been assigned the 
accompanying formula by Kuhn and Sérensen (1). These workers have 
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suggested that the hydroxyl groups of astaxanthin undergo an ionization 
which thereby permits its linkage to the protein by a salt-like bridge. This 
type of linkage they believe accounts for the pronounced difference in color 
between the free and the protein-bound carotenoid. They base this sug- 
gestion on the finding that solutions of astaxanthin in organic solvents turn 
blue on the addition of alkali. The occurrence of a similar type of linkage 
between the carotenoid and protein parts of the blue chromoprotein is sug- 
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gested by the reversible change in color that it undergoes on the application 
of heat or upon acidification. Moreover, the fact that the color change 
upon acidification is centered at about pH 3.6 suggests that an ionizable 
group participating in this linkage has a pK value in this region. In this 
connection, it is interesting to note that the hydroxy] groups of astaxanthin 
possess a configuration not unlike that found in ascorbic acid, which has a 
pK value of 4.0. 

Some linkage other than a salt type must also exist in the blue chromo- 
protein between the carotenoid and protein parts. This is indicated by the 
finding that it is possible to produce an irreversible water-soluble red 
product from the blue chromoprotein. This red product cannot be the 
free carotenoid itself since this is water-insoluble. The carotenoid, therefore, 
must be held in solution by a linkage to the protein other than that responsi- 
ble for the blue color. The reversible color changes of the pigment that 
occur on heating or acidification would appear, therefore, to be due to the 
opening and closing of a salt-like bridge without the rupture of this second 
type of linkage. In the case of the formation of the irreversible water- 
soluble red product, some structural change must have occurred in one 
of the components to prevent the reformation of the salt-like bridge. Kuhn 
and Sérensen (1) have also postulated that a linkage other than the salt 
bridge type occurs between the protein and carotenoid in ovoverdin. They 
base this postulate on the fact that, whereas autoxidation of the blue salts 
of astaxanthin in pyridine occurs readily, there is no autoxidation of the 
carotenoid when bound to the protein. 

The change in color from blue to red in the developing goose-barnacle 
eggs would also appear to be due to a dissociation of the protein-carotenoid 
complex. Since the red pigment of the eggs is not soluble in dilute salt 
solutions, an alteration other than a mere rupture of the salt type linkage 
would seem to have occurred. What changes occur in the environment of 
the eggs as they develop to cause this alteration or its physiological signifi- 
cance are unknown. The only processes that have been found in vitro to 
lead to the production of an insoluble red product are those that cause 
denaturation of the protein. A denaturation of the protein part of the 
pigment within the eggs as they develop may thus be postulated. Such a 
process would resemble that encountered in the mechanism of vision. Ac- 
cording to Wald (4), the primary change from visual purple to visual yellow 
consists in a rupture of the carotenoid-protein complex by the action of 
light to liberate the carotenoid retinene. The protein component is consid- 
ered to be denatured in the reaction (Mirsky (2)). What part light may be 
playing in the color change of the goose-barnacle eggs as they develop is not 
known. It would be of interest, however, to determine whether the ab- 
sence of light prevents the color change in these eggs as they develop. 
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SUMMARY 


1. The eggs of the goose-barnacle contain a blue pigment which appears 
to be a carotenoid-protein compound. 

2. The pigment is insoluble in water, soluble in dilute salt solutions, and 
precipitated from solutions 42 per cent saturated with ammonium sulfate, 

3. The pigment can be made to undergo a reversible color change from 
blue to red by the application of mild heat or acidification in the presence of 
ammonium sulfate. In the case of acidification, the mid-point of the color 
change occurs at pH 3.6. 

4. Processes which cause denaturation of the protein cause an irreversible 
color change from blue to red with precipitation of the pigment. The 
formation of an irreversible but soluble red product is also described. 

5. The colored prosthetic group may be extracted with alcohol and dis- 
plays some of the properties of xanthophylls. Its possible identity with 
astaxanthin is discussed. 

6. The similarity of the pigment to the green chromoprotein, ovoverdin, 
found in lobster eggs, is pointed out and the possible types of linkage between 
the protein and carotenoid portions discussed. 

7. The change in color from blue to red observed in the developing eggs 
is attributed to a dissociation of the protein-carotenoid complex. 
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Alcoholic solutions of esters of vitamin A display a sharp rise in the 
intensity of their greenish fluorescence upon ultraviolet irradiation; this 
behavior is in contrast to that of free vitamin A alcohol (1). This differ- 
ence furnishes the basis for a method of differential quantitative analysis of 
vitamin A alcohol-ester mixtures by means of a fluorophotometer. 

The following esters of vitamin A were studied (Fig. 1): acetate, laurate, 
myristate, palmitate, oleate, linoleate, and azobenzene carboxylate. 
Except for the last two esters, the course of the intensity of fluorescence 
during irradiation was found to be practically identical for equivalent con- 
centrations. We have prepared mixtures of vitamin A alcohol with its 
esters in various ratios and found that the maximum of fluorescence 
achieved during irradiation under given conditions is an additive function 
of the fluorescence of vitamin A alcohol, which falls off but slightly during 
the first 10 minutes, and the maximal fluorescence of the ester. Hence, 
we have constructed a graph (Fig. 2) which gives on the ordinate the 
fluorescence in terms of galvanometer deflections of all mixtures of vitamin 
A alcohol plus acetate, the percentage of which is given on the abscissa, 
Individual curves are drawn for total vitamin A concentrations in multiples 
of 1 1.u. or 0.3 y in the range of 0.3 to 3.3 y per ml. In order to find the 
ester percentage, one traces the level of maximal galvanometer deflection 
from the vertical axis to the curve derived for the total vitamin A con- 
centration used. A perpendicular line from the point of intersection leads 
to a point on the horizontal axis where the ester percentage can be read. 

In order to apply this principle to the analysis of mixtures of vitamin A 
with its esters, one takes a solution of known total vitamin A concentration. 
In the analysis of pure substances and in the study of enzymatic hydrolysis 
of vitamin A esters, the concentration is known from the weight of the 
sample dissolved. In all other instances the total concentration may be 
ascertained by the Carr-Price reaction with SbCl, which does not dis- 
tinguish between free and combined vitamin A, but gives a measure of the 
total concentration. The solution is then irradiated in the fluorophotom- 


* This investigation was supported by a grant from the Nutrition Foundation, Inc. 
This paper is the third in a series of investigations of the fluorescence of vitamin 
A; for the preceding papers see (1) and (2). 
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eter, as described previously (1), and the course of fluorescence is followed 
and plotted on graph paper from minute to minute; the peak of the curve 
is easily recognized and the figure obtained together with the total con- 
centration furnishes the ester percentage by the nomographic procedure 
outlined above. 

Because of differences in the individual apparatus, such as light intensity, 
diaphragm opening, and density of filters, it becomes necessary to calibrate 
the fluorophotometer with a standard fluorescence solution of 1 part of 
quinine sulfate in 1,000,000 parts of acidulated water, similar to the stand- 
ard used in the fluorophotometry of thiamine (3). Using the same filters 
as for the vitamin solutions themselves, one adjusts the galvanometer 
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Fig. 1. Fluorescence of solutions containing 3.33 y of vitamin A in the form of 
various esters per ml. of ethanol. Abscissa = time of irradiation in minutes; ordinate 


= galvanometer deflection. 
Fic. 2. Nomogram for the determination of ester percentage on the abscissa for 


maximal galvanometer deflection G (ordinate) and total vitamin A concentrations 
of 0.3 y (Curve 0.5), 0.7 y (Curve 1), 1.3 y (Curve 2), 2 y (Curve 3), 2.7 y (Curve 4). 
and 3.3 y (Curve 5) in 1 ml. of absolute ethanol. 


deflection produced by the fluorescence of the quinine solution to a fixed 
number by setting the variable resistance of the photocell-galvanometer 
circuit. In the present case the number 60 on the galvanometer scale was 
selected for the quinine standard. The calibration of fluorophotometers 
may also be accomplished by glass standards (4); here again, a suitable 
galvanometer setting must be selected for a given type of apparatus and 
range of intensity. 

Vitamin A linoleate and vitamin A azobenzene carboxylate differ from 
the other esters investigated. The linoleate shows as steep an initial rise 
in intensity of fluorescence as do the esters of the saturated acids but the 
maximum is about one-fifth lower (Fig. 1, Curve 2). This difference must 
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be due to the acceleration of the secondary photooxidative process which 
destroys the highly fluorescent product of the primary photoreaction. If 
this photooxidation is enhanced by the catalytic influence of linoleic acid, 
the effect should be smaller when oxygen is driven out by a current of COs. 
This, indeed, is the case (Table I). Whereas the maximum fluorescence in- 
tensity of the acetate is increased by 45 per cent in CO, (ef. (1)), that of the 
linoleate is increased by more than 70 per cent and the difference Gye. — Giin. 
shrinks from 22 to 8 per cent. 

The fluorescence curve of vitamin A azobenzene carboxylate runs an 
entirely different course. The galvanometer deflection rises very slowly 
from the initial blank value of about 8 in the course of 1 hour to 18, and 
after maintaining a plateau at this reading, it drops at an equally slow rate. 
This behavior is caused by the strong absorption of the effective radiation 
in the yellow solution of this ester. A similar course could be observed with 
any of the other esters, if one reduces substantially the intensity of irradia- 
tion. 





























Taste I 
Mazimal Galvanometer Deflection of 3.8 y per M1. in Ethanol, Corrected for Fluorescence 

of Blank 

Without COs With COs Per cent increase 
Vitamin A acetate................ 45 65 45 
= e eee Fiiiisin casen 35 60 71 
Per cent difference................ 22 8 
EXPERIMENTAL 


The method has been applied to samples of vitamin A concentrates and 
to fish liver oils. After the determination of the blue value by the method 
of Dann and Evelyn (5), an aliquot of the chloroform solution is evaporated 
in a current of nitrogen at 40—-50° and the residue dissolved in the appropri- 
ate amount of absolute ethyl alcohol. About 12 ml. of a solution contain- 
ing 0.3 to 3.3 y per ml. of total vitamin A are required for the absorption cell 
(13 x 42 X 46 mm.) which is placed in the fluorophotometer.1 The 
source of light consists of an 85 watt mercury capillary are at a distance of 
200 mm. from the face of the cell. The beam of light, regulated by an iris 
diaphragm, passes through Corning Filter 5840 (new) and through a 
vertical slit. At a perpendicular angle adjacent to the broad side of the 
cell a barrier-layer photoelectric cell responds to the fluorescent light 
emanating from the solution and filtered through Corning Filter 3389 (new) 
which excludes scattered ultraviolet light. The photoelectric current is 


1 We have used the fluorophotometer of Pfaltz and Bauer, Inc., New York. 
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measured by a multiple mirror galvanometer with variable resistance and 
with a sensitivity of 2.3 X 10-* ampere per mm. Table II is a summary 
of results obtained by this procedure. 

Correction for Linoleic Acid—If it is known that L per cent of vitamin A 
in a sample is present in the form of the linoleate, the galvanometer reading 
G may be extrapolated to the value G’ = G/(1 — 0.0022L), the galvanometer 
deflection that would be read if the linoleic acid was replaced by a saturated 
fatty acid. If the linoleic acid content is unknown, one may assume that 
the share of linoleic acid and other unsaturated acids with two or more 


Taste II 
Ester Percentage of Vitamin A Preparations 











Per cent of esterified 
vitamin A 
Preparation Total vitamin A oer ay a 
round | or 
inoleate 
I. U. per gm. y per gm 
Vitamin A alcohol, crystalline | 3,200,000 1,000 ,000 0 
= ** acetate, - | 2,800,000 870,000 | 100 
Commercial vitamin A Concentrates lf 700 ,000 210,000) 10-15 
11, 16, 18 || 900,000 | —300,000) . 
Same, Concentrate 46 650 ,000 195,000 30 31.5 
Saponified concentrate | 600,000 185 ,000 0 
Vitamin A in sterile sesame oil 500 ,000 155,000 73 76 
Standard concentrate 200 , 000 60 ,000 82 86.5 
Concentrate in capsules 200 , 000 60,000 67 70 
75 78 
Oleum percomorphum 60 ,000 18,000 55 58 
47.5 49 
Halibut liver oil 60,000 18,000 54 57 
59 62 
U. 8. P. cod liver oil, No. 2 1,700 520 60 63.5 


Normal rat liver 330 105 80 


double bonds is the same for the vitamin A fraction as for the whole oil. 
An estimated average of 20 to 25 per cent (6), multiplied by the per cent of 
uncorrected ester, yields L and hence, according to the above formula, a 
correction factor >0.945 by which the observed galvanometer deflection 
must be divided in order to obtain G’ for the final nomographic evaluation. 

Biological Specimens—The method lends itself to the study of material 
from experimental animals, such as rat liver (Table II) which is relatively 
low in carotenoid content. In the application of the method to the dif- 
ferential analysis of vitamin A esters in blood serum, the interfering effect 
of carotenoids makes itself felt. Both carotene and the hypophasic caro- 
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tenoids reduce the transmission of ultraviolet light by the extract, and also 
display fluorescence of their own. Their chromatographic removal from 
vitamin A solutions with quantitative recovery of the latter in the filtrate 
or eluate is not feasible. 


We are indebted to Dr. J. G. Baxter of Distillation Products, Inc., for 
samples of the various esters used in this investigation. 


SUMMARY 


The difference in the course of fluorescence between vitamin A alcohol 
and vitamin A esters has been utilized for the differential analysis of their 
mixtures. ‘The results obtained by fluorophotometry are evaluated by a 
nomographic procedure. A series of esters has been studied and certain 
exceptions in their behavior considered. Examples are given for the 
determination of ester percentage in a number of vitamin A preparations. 


BIBLIOGRAPHY 


1. Sobotka, H., Kann}S., and Loewenstein, E., J. Am. Chem. Soc., 65, 1959 (1943). 
2. Sobotka, H., Kann, 8., Winternitz, W., and Brand, E., in preparation. 

3. Hennessy, D. J., and Cerecedo, L. R., J. Am. Chem. Soc., 61, 179 (1939). 

4. Loewenstein, E., Ind. and Eng. Chem., Anal. Ed., 15, 658 (1943). 

5. Dann, W. J., and Evelyn, K. A., Biochem. J., 32, 1008 (1938). 

6. Brocklesby, H. N., Fisheries Res. Bd. Canada, Bull. 59, 35 (1941). 











i= 














THE VERATRINE ALKALOIDS 


XXI. THE CONVERSION OF RUBIJERVINE TO ALLORUBIJERVINE. THE 
STEROL RING SYSTEM OF RUBIJERVINE 
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(Received for publication, December 14, 1943) 


The basis for the correlation of the veratrine bases with the alkaloids of 
Solanum and with the sterols has been presented previously (1). The 
failure, however, to obtain any indication of the formation of Diels’ hydro- 
carbon on dehydrogenation from any one of the veratrine bases thus far 
examined in contrast to the experience with solanidine suggested that this 
might be due to some difference in ring structure. This point has been 
discussed in earlier communications and certain evidence was presented 
which suggested the possibility that Ring B of the veratrine alkamines could 
be 5-membered, instead of 6-membered as in the sterols. However, in the 
light of results which we have now obtained with rubijervine, it has been 
shown that this base parallels the behavior of solanidine in certain reactions 
which can be best explained on the assumption that Ring B is 6-membered. 
Rubijervine, therefore, like solanidine, must possess the regular steroidal 
skeleton. 

The method of Sexton (2) for the conversion of cholesterol to choles- 
tenone, which was employed by Schépf and Hermann (3) for the preparation 
of solanidone from solanidine, has now been applied to rubijervine. The 
ketone rubijervone was readily obtained and was characterized by its oxime. 
Rubijervone was then subjected to the action of aluminum isopropylate, 
essentially as used by Schoenheimer and Evans (4) for the conversion of 
cholestenone to allocholesterol and its epimer. From the reaction mixture, 
a substance was obtained which was isomeric with rubijervine. As in the 
case of the cholestenone reaction, it is probable that a mixture of two sub- 
stances was produced; viz., allorubijervine and epiallorubijervine. The 
substance obtained by recrystallization yielded with digitonin, after several 
days standing, a relatively small amount of precipitate which, on still longer 
standing, was followed by a gradual deposition of larger crystals. At any 
rate, the precipitability by digitonin appeared much less marked than in the 
case of rubijervine itself. Unfortunately, the amount of material available 
was too small to make possible an attempt to fractionate the reaction 
product into pure allorubijervine and epiallorubijervine over the digitonide. 

But of greatest significance was the fact that this material now gave a 
pronounced Rosenheim reaction in contrast to rubijervine itself, thus 
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paralleling the difference in behavior in this respect of allocholesterol and 
cholesterol. The conclusion must, therefore, be drawn that the trans. 
formation of rubijervine to allorubijervine is to be explained on the same 
basis as that of cholesterol to allocholesterol, in which the double bond of 
the former shifts from the 5,6 position to the 4,5 position, and is due to 
conjugation with the carbonyl group in the intermediate rubijervone. 
Such an interpretation, barring an improbable rearrangement, would re- 
quire that carbon atom 5 in rubijervine cannot carry an angular methyl 
group, as we have originally suggested for the other veratrine alkamines, 
and Ring B must, therefore, be 6-membered. 

It is apparent that a different reason must be sought for the failure of 
rubijervine to yield Diels’ hydrocarbon on dehydrogenation than the 
possibility that carbon atom 5 bears an angular methyl group and that 
Ring B is 5-membered. 

The attempt was made to subject cevine to an analogous series of reac- 
tions but, unfortunately, no crystalline carbonyl derivative could be ob- 
tained after the alkamine was heated with copper powder. For the time 
being at least, a final decision cannot be made as to whether Ring B in this 
alkamine, and therefore in the remaining veratrine bases, possesses the 
regular sterol structure or a variation of it. But if the regular arrangement 
should be found to be the case, the origin of the hexanetetracarboxylic acid 
obtained from cevine and germine, as well as that of the series of fluorene 
hydrocarbons obtained on dehydrogenation, will require reinterpretation. 


EXPERIMENTAL 


Rubijervone—An intimate mixture of 1 gm. of rubijervine with 4 gm. 


a 


of copper powder was placed in a sublimation apparatus, and air was re- } 
moved with CO,. The mixture was gradually heated at atmospheric | 


pressure from 150° to 200° in the course of 15 minutes, during which water 


of crystallization was driven off. During an additional 15 minutes, the | 


temperature was raised from 200° to 290°, and the mixture was allowed to | 


cool. The apparatus was then exhausted to about 0.1 mm., and the 


mixture was again heated finally to 290° during a period of about 1 hour. | 


An appreciable sublimate collected on the condenser and was colored by 


copper. The yield was 0.75 gm. When this was dissolved in 95 per cent | 


alcohol, a red color, apparently due to copper, resulted, which was partly 
removed by treating the solution with norit. The filtrate, on concentration 


to about 5 cc., yielded a copious crop of almost colorless needles (0.38 gm.) | 


which gradually melted at 198-201°, but did not clear till 202° (uncor- 
rected). On further recrystallization, it melted at 202-204° after slight 


preliminary sintering. 
Co7HwO.N. Calculated, C 78.77, H 10.05; found, C 78.59, H 10.30 





oe, oO &f& & as FH 


— ED 


co! 


un 
all 


om oo BO 
~ fp rh rh 





W. A. JACOBS AND L. C. CRAIG 643 


The oxime was prepared under conditions essentially as described by 
Schépf and Hermann (3) for solanidone oxime, with the exception that a 
very small volume of methanol was added to produce an initial clear solu- 
tion. The reaction mixture gradually formed a thick paste of crystals of 
the hydrochloride of the oxime. After standing at room temperature 
overnight, the collected salt was decomposed in aqueous suspension with 
dilute sodium carbonate and the base was extracted with chloroform. Af- 
ter concentration, the oxime base was obtained from alcohol as lustrous 
flat needles and was then recrystallized several times from methanol. 
Most of it appeared to melt at 160°, but crystallized again and then melted 
at about 247-254°, depending on the rate of heating. 

Co7HywO2N2. Calculated. C 75.99, H 9.93, N 6.57 
Found. ** 75.85, ‘* 9.77, “* 6.59 

Allorubijervine (Epiallorubijervine)—Because of the small amount of 
material used for this reaction, somewhat different conditions were em- 
ployed from those given by Schoenheimer and Evans (4) for the reduction 
of cholestenone. Aluminum isopropylate was prepared according to 
Adkins (5) by refluxing 1 gm. of aluminum leaves, after amalgamation, 
with 15 cc. of absolute isopropanol until dissolved. To this was added 0.2 
gm. of rubijervone, and the protected mixture was refluxed for 22 hours. 
Towards the end, a small portion of the solvent was allowed to boil off. 
The chilled reaction mixture was decomposed with excess 20 per cent 
potassium hydroxide and extracted with ether. The dried extract after 
concentration was boiled down with 95 per cent alcohol to remove iso- 
propanol. The concentrated solution crystallized and, after chilling, was 
collected at 0°. After recrystallization from 95 per cent alcohol, it formed 
needles which gradually softened to a melt at 218-222°. The substance 
gave a purple color with trichloroacetic acid. 


Cor7Hy,0.N. Calculated, C 78.38, H 10.49; found, C 78.40, H 10.70 


The question of the homogeneity of this substance cannot be decided 
until more material is available, and it is probable that, for separation into 
allorubijervine and epiallorubijervine, conversion into the digitonide will 
be necessary. 


All analyses were performed by Mr. D. Rigakos of this laboratory. 
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XIII. THE ISOLATION OF PIMANTHRENE FROM THE 
DEHYDROGENATION PRODUCTS OF STAPHISINE 


By LYMAN C. CRAIG anp WALTER A. JACOBS 
(From the Laboratories of The Rockefeller Institute for Medical Research, New York) 


(Received for publication, December 14, 1943) 


In the course of our work on the simpler, less oxygenated alkaloids of 
the aconite series, the possibility of a relationship to another class of natural 
products, the terpenes and perhaps in particular the diterpenes, has steadily 
become more apparent. A certain resemblance had been evident for 
some time in the general nature of the hydrocarbons which were encoun- 
tered in the dehydrogenation of atisine (1), napelline (2), and of staphisine 
(3), since these appeared to be mainly phenanthrene hydrocarbons, and 
no hydrocarbons with larger ring systems were isolated. None of these 
hydrocarbons, with the exception of 1-methylphenanthrene from atisine, 
was definitely identified. Further progress along this line has been greatly 
hindered by the lack in this laboratory of the proper phenanthrene hydro- 
carbons with which to make the necessary direct comparisons. 

In the interest of further examination of the suggested resemblance to 
the diterpenes, we have carried out a dehydrogenation of commercial 
abietic acid, possibly contaminated with d-pimaric acid, under the same 
conditions as were used for our alkaloids. Fractionation of the resulting hy- 
drocarbons gave a slightly different picture, since considerably larger amounts 
of more volatile hydrocarbons were obtained. However, aside from retene, 
which was the principal hydrocarbon, a small amount of a hydrocarbon 
with the empirical formula CysHy was isolated. The physical properties 
of this hydrocarbon, as well as of its picrate and styphnate, were in good 
agreement with the recorded properties of 1 ,7-dimethylphenanthrene or 
pimanthrene, and there can be no doubt of its identity because of its 
source. 

A corresponding C,sHy phenanthrene derivative was reported previously 
(3) as a product of the dehydrogenation of staphisine, although the melting 
point was a few degrees lower than that recorded for pimanthrene. How- 
ever, we have now further purified this hydrocarbon and found it to agree 
in all respects with the hydrocarbon from abietic acid. No depression in 
the mixed melting point was found. The picrates and styphnates from 
both sources were likewise indistinguishable. Their identity would appear 
to afford the first direct evidence in support of the possibility of a relation- 
ship between the diterpenes and the aconite alkamines. 

In order to gain further information in regard to the nature of the hydro- 
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carbons obtained in the dehydrogenation of staphisine, a type of oxidative 
procedure has been attempted which proved so useful in the establishment 
of the structures of retene and pimanthrene, and thus of the diterpenes, 
abietic and d-pimaric acids, respectively (4). Exact similarity in behavior 
has not been found, but nevertheless certain resemblances have been en- 
countered. Oxidation of the main hydrocarbon from staphisine, the hydro- 
carbon Cj; 9H2o, first to the quinone with chromic acid and subsequently 
with potassium permanganate, did not lead to the isolation of the hydroxy- 
isopropyldiphenyltricarboxylic acid, C:sH:O7 (Formula I), which is formed 
from retene by such a procedure. Instead, a simpler acid, Cy,H120s, ap- 
parently a hydroxyisopropylphthalic acid, was isolated. 

The formation of this substance would indicate that the C,,He» hydro- 
carbon bears on one of its rings an isopropyl group, such as occurs in retene, 





COOH 
HOOC , 
Oi 
C-CH, 3 CH, 
CHy 
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COOH 
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and no other substituent on the same ring of the phenanthrene nucleus. A 
probable position of this isopropyl group, which could lead to the hydroxy- 
isopropyl! group of the structure represented in Formula II, may be inferred 
from the fact that pimanthrene is also formed during the same dehydro- 
genation. 

If the above conclusions are assumed to be correct, 2 carbon atoms would 
remain to be accounted for in the C,;>H2» hydrocarbon. It may be inferred 
that one of these is located on position 1, if it is involved in the formation 
of 1,7-dimethylphenanthrene from staphisine. The remaining carbon 
cannot be joined to this carbon atom to form an ethyl group on position 1, 
since such a substance, homoretene, is known (5). The latter gives a 
quinone which melts much lower (over 60°) than the quinone from our 
CipH2y» hydrocarbon. Therefore, it appears probable that the Cy Hs 
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hydrocarbon is a methylretene in which the second methyl! group is attached 
to one of the positions, 2, 3, or 4. 

With the hope that the hydroxyisopropylphenyldicarboxylic acid postu- 
lated above could be found also among the oxidation products of retene, 
and therefore aid in establishing its exact identity, we have repeated the 
oxidation of retenequinone essentially as described by Bucher (6), and by 
Ruzicka, de Graaff, and Hosking (4), on a small sample of the quinone 
which was available. This gave at once without difficulty the hydroxyiso- 
propyldiphenyltricarboxylic acid reported by them as a major product, but 
the above hydroxyisopropylphenyldicarboxylic acid was not found in the 
mother liquors. However, another acid was isolated as the trimethy] ester, 
which we wish to record at this point, since it was apparently also encoun- 
tered in our study of atisine to be described in a subsequent paper. After 
esterification of the final crude mother liquors with diazomethane, frac- 
tionation yielded a crystalline substance, C:;H1207, which from the analyti- 
cal data appeared to be the trimethyl ester of a dicarboxyphenylglyoxylic 
acid, CjpH,O;. Although we have not had opportunity as yet to establish 
the exact identity of this acid, it might be expected to result from the 
further oxidation of the above hydroxyisopropyldiphenyltricarboxylic acid. 
Such a-keto acids have been repeatedly encountered in the oxidation of 
aromatic hydrocarbons. This acid could possess the structure shown in 
Formula III. This would be consistent with the simultaneous production 
of both trimellitic and hemimellitic acids, which have been found to be 
formed (4) during the same oxidation. 


EXPERIMENTAL 


Dehydrogenation of Abietic Acid—25 gm. of commercial abietic acid were 
well mixed with 75 gm. of selenium, and the mixture was heated in an 
apparatus such as that previously employed and through which a steady 
stream of nitrogen was passed. The temperature was gradually raised to 
340° during 30 minutes, and held at this point for 2 hours. 

The volatile material was discarded. The finely pulverized residue was 
well extracted with ether. After evaporation of the solvent, a residue of 
15 gm. was obtained. This residue was dissolved in benzene and chromato- 
graphed through 200 gm. of activated alumina. 11.7 gm. of a hydrocarbon 
fraction passed through the column in the first and main band. 

This material from the first band was then fractionated in a sublimation 
apparatus under reduced pressure and separated into four fractions, which 
consisted of 2.6, 3.9, 3.3, and 0.7 gm., respectively. The last three fractions 
were mostly crystalline. The first fraction (2.6 gm.) with 1 gm. of the 
second fraction was placed in a micro fractionating column 20 cm. in length 
and separated into twenty-five fractions of roughly 130 mg. each. The 
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first eighteen fractions were non-crystallizing oils of high hydrogen content, 
from which Fractions 17 and 18 yielded pimanthrene. The later fractions 
which crystallized were mostly retene. This was readily obtained by 
recrystallization. 

Isolation of Pimanthrene—Fraction 17 (approximately 130 mg.) was 
treated with 100 mg. of picric acid in benzene. The picrate was then re- 
crystallized from acetone. 60 mg. of fine yellow needles were obtained, 
which melted at 131-133°. 


CysHyy-CeH,O07N;. Calculated, C 60.66, H 3.93; found, C 60.88, H 4.06 


Fraction 18 behaved in a similar way, but neither Fraction 15 nor 19 
yielded a homogeneous picrate by such treatment. Only material with a 
very unsatisfactory melting point was obtained. 

The pimanthrene regenerated from the pure picrate after recrystallization 
from ether formed heavy characteristic plates which melted at 84-85°. 


CyHy. Calculated, C 93.15, H 6.85; found, C 93.30, H 7.24 


A portion of the hydrocarbon, when treated with an equivalent of 
styphnic acid in acetone, yielded characteristic needles of the styphnate. 
After recrystallization from acetone-ether, it melted at 162-164°. 


CisHyy-CsHsOsN;.- Calculated, C 58.54, H 3.80; found, C 58.32, H 3.95 


Dimethylphenanthrene from Staphisine—The small amount of so called 
dimethylphenanthrene previously recorded (3), which was obtained from 
Fraction 4 of the fractionated hydrocarbons from staphisine, and which was 
reported to melt at 78-81°, has since been recrystallized from ether. It has 
now been found to melt at 84—85°, and formed the same characteristic large 
plates observed in the case of pimanthrene obtained above from abietic 
acid. A mixed melting point showed no depression. The picrates pre- 
pared from the hydrocarbons from both sources also agreed in properties, 
and a mixed melting point (131-—133°) showed no depression. 

For further comparison, the styphnate was prepared from the staphisine 
hydrocarbon. The same characteristic crystals formed from acetone, 
exhibited by the styphnate from pimanthrene and after recrystallization 
from acetone-ether, melted at 162-164°. A mixed melting point with 
pimanthrene styphnate showed no depression. 


CysHyyCeHyOsN;. Calculated, C 58.54, H 3.80; found, C 58.81, H 4.08 


Oxidation of Ci>H2» Hydrocarbon from Staphisine. The Quinone, Ci9H1s02 
—The crystalline material obtained on recrystallization of Fractions 15 
and 16 of the hydrocarbons from staphisine previously described (3) were 
recombined with their mother liquors, and in this way a total of 295 mg. of 
crude hydrocarbon was obtained. It was dissolved in 3.9 ce. of glacial 
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acetic acid and treated with 0.6 gm. of chromic oxide dissolved in 0.6 ce. 
of water. The mixture was heated on the steam bath for 6 hours, and then 
allowed to crystallize at 0° overnight. 90 mg. of stout, orange-colored 
needles were collected with cold acetic acid. After recrystallization from 
acetone, the quinone melted at 213-216°. 


C,9H)sO2. Calculated, C 81.97, H 6.52; found, C 81.72, H 6.68 


Oxidation of Quinone, Ci9HisO02. Hydroxyisopropylphthalic Acid (?)— 
Approximately 80 mg. of the above quinone were oxidized according to 
the directions of Bucher (6). Ether extraction of the acidic oxidation 
products gave a total of 90 mg. of partially crystalline material. On recrys- 
tallization from ether, 47 mg. slowly separated. The substance melted with 
effervescence at about 170°, depending somewhat on the rate of heating. 
At a higher temperature, the melt appeared to crystallize again almost 
entirely, presumably as the anhydride, and then melted at about 290-294°. 
This behavior did not change upon recrystallization. 


C,,H,.0;. Calculated, C 58.90, H 5.40; found, C 59.08, H 5.62 


1.040 mg. of the acid, when titrated against phenolphthalein with 0.1035 
n NaOH, required 0.0870 cc. Calculated for 2 equivalents, 0.0896 ce. 

Oxidation of Retenequinone with Potassium Permanganate. The Ester, 
Ci3H»07-—600 mg. of retenequinone were oxidized under the same condi- 
tions as were used for the previous quinone. 540 mg. of acidic material were 
extracted with ether. This crystallized mainly from acetone-ether to give 
the hydroxyisopropyldiphenyltricarboxylic acid described previously (4), 
which melted with some effervescence at 186—192°, depending somewhat 
on the rate of heating. 


C,sH,.O7. Calculated, C 62.78, H 4.64; found, C 62.87, H 4.80 


After collection of all the readily crystallizable material, the mother 
liquor was esterified in acetone solution with diazomethane. The esters 
would not crystallize directly and were separated into three fractions by 
fractional distillation under 0.2 mm. pressure. The fractions weighed 80, 
70, and 30 mg., respectively, and distilled from an oil bath held at tempera- 
tures varying from 180-220°. 

The first fraction crystallized readily from ether and upon recrystalliza- 
tion from acetone-ether yielded 14 mg. of well formed, heavy plates which 
melted at 149-151°. 


Cy3H 207. Calculated. Cc 55.70, H 4.32, OCH; 33.20 
Found. “* 65.82, “447, “ 38.2 


These figures suggest the trimethyl ester of a dicarboxyphenylglyoxylic 
acid. 








650 ACONITE ALKALOIDS. XIII 


All of the analytical data were obtained by Mr. D. Rigakos of thig 


laboratory. 
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THE ACONITE ALKALOIDS 


XIV. OXIDATION OF THE HYDROCARBON FROM THE 
DEHYDROGENATION OF ATISINE 


By LYMAN C, CRAIG anp WALTER A. JACOBS 
(From the Laboratories of The Rockefeller Institute for Medical Research, New York) 


(Received for publication, December 14, 1943) 


In structural studies on the aconite alkaloid, atisine, Lawson and Topps 
(1) isolated a hydrocarbon, C,;His, which they presumed to be an alkyl- 
phenanthrene derivative, by selenium dehydrogenation of the alkaloid. 
This observation was later confirmed by us (2), and the hydrocarbon was 
definitely shown to be a phenanthrene hydrocarbon by absorption spectra 
studies. This hydrocarbon, which is the main product formed during the 
dehydrogenation, does not appear thus far to have been encountered as a 
degradation product from any other naturally occurring material so far as 
we have been able to learn from the literature. Degradation experiments 
have, therefore, been necessary to determine the number and positions of 
the substituting alkyl groups. For this purpose, the type of oxidative 
procedures which proved so useful in the elucidation of the structures of 
retene and of pimanthrene in the diterpene series appeared to offer the 
most promise. The results of such experiments, performed with very 
limited material, are reported here. 

The hydrocarbon was found upon oxidation with chromic acid in glacial 
acetic acid solution to give in good yield an orange-colored quinone, Cy7H Oo, 
which melted at 149-151°. This behavior indicated that positions 9 and 
10 of the phenanthrene nucleus were unsubstituted. 

The crystalline quinone was further oxidized with potassium perman- 
ganate according to the directions given by Bucher (3) for the oxidation of 
retenequinone. This resulted in a mixture of acids which consisted mainly 
of a tetracarboxylic acid, evidently a diphenyltetracarboxylic acid from the 
analytical data. This acid was formed in good yield from the quinone, and 
crystallized readily from acetone and ether. It appeared to melt with 
decomposition and sublimation at about 340-345°. It is possible that 
anhydride formation occurred during the melting point determination, 
since the melting point of a substance described below, which analytical 
data indicated to be the anhydride, was the same as that of the acid. This 
acid was found to condense readily with resorcinol to give a characteristic 
fluorescein dye, and thus the presence of two adjacent carboxyl groups was 
indicated. The formation of such a tetracarboxylic acid shows that the 
original phenanthrene hydrocarbon contained two alkyl groups. 
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The acid formed a crystalline tetramethyl ester which melted at 149-150°, . 
Hydrolytic experiments with the ester indicated the presence of three ester 
groups which were readily saponified with alkali, and one which was much 
more resistant. A crystalline monomethyl ester, therefore, could be isolated 
from the saponification mixture which melted at 338-341°. 

An attempt was made to oxidize the acid further with fuming nitric acid 
and a little manganous nitrate by the method used by Bucher (3) to accom- 
plish the oxidation of the diphenyl acids to the benzenepolycarboxylic acids, 
The main product of the oxidation, which was isolated in a yield of over 
56 per cent of the theoretical, proved to be a substance which gave analyti- 
cal data for a monoanhydride of the original acid. It melted at the same 
point as the acid itself. 

The material contained in the mother liquors from the above tetra- 
carboxylic acid was esterified with diazomethane. When the resulting 
mixture was fractionally distilled, a crystalline ester could be isolated from 
one of the fractions. This proved to be different from the ester of the 
above tetracarboxylic acid, which was also isolated from the mixture. Suf- 
ficient of the former crystalline ester was not available for final purification, 
but the substance melted at 93-98°, and gave good analytical figures for 
the ester of a benzenetricarboxylic acid. The ester of 1,2,3-benzenetri- | 
carboxylic acid has been reported to melt at 100—-101° (4), that of the 1,3,5 
isomer at 144° (5), while the ester of the remaining possibility, the 1,2,4 
isomer, has been reported as an oil. Our data with the substance in ques- 
tion, therefore, strongly point to the ester of hemimellitic acid. 

Upon evaporation of the mother liquors from this acid, a thick oil was 
obtained. On hydrolysis with strong HCl, this yielded a small amount of 
a crystalline acid. Here again, there was insufficient material for final 
purification, but the analysis clearly indicated a benzenetricarboxylic acid. 
The melting point was approximately 220-227°. The melting points of 
the possible isomers, hemimellitic, trimellitic, and trimesic acids, are 190°, 
228°, and 380°, respectively. The substance could not, therefore, have 
been hemimellitic acid. Because of the unlikelihood that trimesic acid | 
could be a product of the oxidation of a phenanthrene and because of the 
melting point discrepancy as well, this acid would appear to be excluded. 
It was most probably trimellitic acid. 

The acid aqueous layer which remained after the ether extraction of the | 
oxidation products was also examined, and from this an appreciable amount 
of material was obtained as a mixture of esters. From the latter, some of 
the tetramethyl ester of the tetracarboxylic acid reported above was iso 
lated, and in addition a small amount of a crystalline ester was obtained, 
which melted at 148-149°. The analytical data and the melting point of 
the latter agreed well with the data obtained with the ester of the acid 
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previously found in the oxidation of retenequinone (6), and which has been 
interpreted as a dicarboxyphenylglyoxylic acid. A mixed melting point 
of the esters obtained from both sources showed no depression. 

If the above conclusion, that hemimellitic acid and trimellitic acid result 
from the oxidation of the quinone, is correct, two possibilities are suggested 
in regard to the identity of the phenanthrene hydrocarbon, as shown in 
Formulas I and II. In such a case, similarity would be offered to the 
behavior of the quinone derived from d-pimaric acid (4) when it is Subjected 
to this type of oxidation. This raises the question whether the above 
tetracarboxylic acid from atisine is not identical with the 2,3 ,2’,4’-di- 
phenyltetracarboxylic acid, which is the main product formed by the oxida- 
tion of pimanthrenequinone. The melting point of the ester of the acid 
derived from atisine was found to be 149-150°, and that reported for the 
tetramethyl ester of diphenyl-2,3,2’ ,4’-tetracarboxylic acid is 153-154° 
(4). However, while the free acid obtained by us crystallized readily and 





i 


Formula I Formula II 


melted at 340-345°, Ruzicka, de Graaff, and Hosking did not report the 
crystalline character of their acid from pimanthrenequinone. 

If our acid should prove to be diphenyl-2,3 ,2’ ,4’-tetracarboxylic acid, 
it would indicate that atisine has much of the structure of the abietic or 
pimaric acid group of diterpenes, and would support the conclusion that 
the hydrocarbon melting at 41-43° is a pimanthrene homologue; viz., either 
l-ethyl-7-methylphenanthrene or 1-methyl-7-ethylphenanthrene. How- 
ever, these two substances have been reported to melt at 81° (7) and 
87.5° (8), respectively. A comparison of melting points of these hydro- 
carbons with the data obtained with the C,;Hy hydrocarbon from atisine 
is given in Table I. The divergence in properties appears to be sufficient 
to preclude the identity of the atisine hydrocarbon with either of these 
methylethylphenanthrenes, and the conclusion is, therefore, necessary that 
another isomer must be in question. This would indicate that the di- 
phenyltetracarboxylic acid from atisine could not be identical with the one 
obtained on oxidation of pimanthrenequinone. 
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Among the products of the dehydrogenation of atisine reported by us (2) 


is l-methylphenanthrene. It could, therefore, be inferred that the same | 


position is occupied by one of the alkyl groups in the methylethylphenap- 
threne obtained from this alkaloid. This must necessarily be the case if 
this hydrocarbon could furnish 1 ,2 ,3-benzenetricarboxylic acid upon oxida- 
tion. There appear to be only two positions now possible for the remaining 
substituent in this hydrocarbon if it is to yield on oxidative degradation the 
1 ,2,4-benzenetricarboxylic acid discussed above. These are positions § 
and 7. Position 7 appears excluded on the basis of the above comparison 
with the 1,7-methylethylphenanthrene and its isomer. There remains, 
therefore, the possibility that the hydrocarbon is either 1-methyl-6-ethyl- 
phenanthrene or 1l-ethyl-6-methylphenanthrene. Neither of these com- 
pounds has been reported in the literature so far as we are aware, and final 
confirmation of identity by direct comparison must await the opportunity 
to obtain these substances synthetically. 


TABLe I 
Comparative Melting Point Data of C,:Hi. Hydrocarbon 


Hydro- Picrate jae Quinone 
carbon derivative - 

i °C c Cc. . c 
1-Methyl-7-ethylphenanthrene 87.5 134 
1-Ethyl-7-methylphenanthrene 81 115-116 154-155 
C,7Hys hydrocarbon from atisine | 41-43 | 120-131 | 145-148 | 149-161 


In the preceding paper of this series (6), evidence was presented to show 
that a 1,7-disubstituted phenanthrene, pimanthrene, is present among the 
dehydrogenation products of staphisine, the alkaloid from Delphinium 
staphisagria, which demonstrated its probable diterpenoid character. In 
similar manner, the above experiments with atisine may be taken a 
strongly suggestive of its diterpenoid nature. However, from the above 
discussion, an interesting variation in the usual diterpenoid structure would 
be offered if it should be confirmed that the 6 position of the perhydro- 
phenanthrene ring system is involved instead of position 7, as in the case 
of the regular diterpenes. If position 6 originally bears an isopropyl! group, 
it would still be compatible with the isoprene rule. 


| 


On an empirical basis, there has been the suggestion that atisine (2) is of | 


pentacyclic character, since the presence of two double bonds can be shown 
by hydrogenation. The perhydrophenanthrene ring system would account 
for three of the rings, while a fourth ring must contain the nitrogen atom. 
It is still possible that the “fifth ring” may be accounted for by an isolated 
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double bond which has resisted hydrogenation procedures and has thereby 
escaped detection. If this should prove to be so, atisine would be of tetra- 
cyelic character. This is a question under further study. 

Because of the laborious procedure required to obtain the C,;Hy. hydro- 
carbon from atisine, itself an alkaloid available only with difficulty, and 
because of the intricacies of the fractionation processes involved, some of 
the results and conclusions presented can be regarded only as tentative and 
will require confirmation whenever possible. They are, however, now pre- 
sented because of their importance to the difficult problem of the structure 
of this group of alkaloids. 


EXPERIMENTAL 


The Quinone, C17H O02, from the C\zHi. Hydrocarbon—A solution of 137 mg. 
of the hydrocarbon in 0.40 cc. of acetic acid was treated with 0.27 gm. of 
chromic oxide dissolved in 0.27 cc. of water and 1.37 ce. of acetic acid. 
The mixture was heated on the steam bath for 7 hours and then left at 0° 
overnight. 50 mg. of orange-yellow crystals were collected with a little 
cold acetone. After recrystallization from acetone, the substance melted 
at 149-151°. 


C,7H,,O2. Calculated, C 81.57, H 5.63; found, C 81.40, H 5.88 


Oxidation of Quinone with Potassium Permanganate. Diphenyltetra- 
carboxylic Acid—390 mg. of the quinone were oxidized with permanganate 
according to the directions of Bucher (3). After removal of excess per- 
manganate, the concentrated and acidified solution was exhaustively ex- 
tracted with ether. The acid layer was set aside to be treated further, as 
described below. The ether extracts gave a crystalline residue of 325 mg. 
After recrystallization from acetone, 195 mg. of well formed needles were 
obtained which melted at 340-345°, depending somewhat on the rate of 
heating. There was a certain amount of decomposition and sublimation 
at the melting point. 


CysH,pOs. Calculated, C 58.17, H 3.05; found, C 58.30, H 3.21 


When a mixture of the acid with an equivalent of resorcinol and a drop 
of H,SO, was heated for a few minutes at 160°, a reddish color developed. 
On treatment of the product with dilute NaOH, the brilliant and typical 
greenish yellow fluorescence of a fluorescein was apparent. 

90 mg. of the tetracarboxylic acid were esterified in acetone solution 
with diazomethane. 82 mg. of well formed plates or prisms of the tetra- 
methyl ester crystallized from ether. After recrystallization from benzene, 
the melting point remained unchanged at 149-150°. 
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CooHys0s. Calculated. C 62.15, H 4.66, OCH; 32.11 
Found. fae Se 32.40 


0.1425 gm. of the tetramethyl ester was refluxed in a mixture of 2.000 ee, 
of 1.005 ~ NaOH and 2.0 cc. of methanol for 75 minutes. The solution 
was titrated back against phenolphthalein with HCl. 1.210 cc. of 0.1 x 
alkali were consumed. Calculated for 3 equivalents, 1.252 cc. 

The titration mixture was concentrated to remove methanol, and acidi- 
fied with HCl. The acid was extracted with ether and crystallized from 
acetone. It melted at 338-341°, and proved to be the monomethy] ester, 


Ci7H,2Os. Caleulated. C 59.28, H 3.52, OCH; 9.00 
Found. a,” oo. 9.11 


Attempted Oxidation of Diphenyltetracarboxylic Acid. The Monoanhy- 
dride (?)—100 mg. of the acid were treated in a short test-tube with a small 
drop of 50 per cent manganous nitrate and 0.5 cc. of HNOs (1.5). The 
mixture was heated on the steam bath until the volume was reduced to 
about half and then more HNO; was added. After being heated for an 
hour longer, the mixture was allowed to crystallize at room temperature 
overnight. 53 mg. were collected with a few drops of HNO;. It crys- 
tallized from acetone in fine short needles which melted at 338-340°, and 
on analysis was found to be the monoanhydride. 


CysH;O;7. Calculated, C 61.52, H 2.58; found, C 61.28, H 2.75 


1.21 mg. of substance were heated with 0.200 cc. of 0.1035 nN NaOH on 
the steam bath for 2 hours, and titrated back against phenolphthalein. 
0.145 ce. was consumed. Calculated for 4 equivalents, 0.150 cc. 

Benzenetricarboxylic Trimethyl Ester (Hemimellitic Ester?)—The mother 
liquors from the crystallization of the above diphenyltetracarboxylic acid 
were combined and esterified in acetone with diazomethane. The resulting 
mixture of esters, which amounted to approximately 420 mg., was frae- 
tionated at 0.2mm. Three approximately equal fractions were obtained, 
of which the second and third appeared to consist mainly of the tetramethyl 
ester of the above tetracarboxylic acid. However, the first fraction yielded 
other material which could be obtained by fractional crystallization from 
acetone and ether, and which melted at 93-98°. There was insufficient 
material for final purification. The melting point of the hemimellitic tn- 
methyl ester has been reported as 100—101° (4). 


C12H,20,. Calculated, C 57.12, H 4.80; found, C 57.04, H 4.88 


Benzenetricarboxylic Acid (Trimellitic Acid?)—Other crystalline material 
was obtained from Fraction 1 with a higher melting point, which appeared 
to consist mainly of the ester of the tetracarboxylic acid. However, the 
mother liquors of the above benzenetricarboxylic acid also yielded material 
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which would not crystallize. This amounted to about 75 mg. or almost 
half the fraction. It was a rather mobile oil which distilled readily at 
100° at 0.2 mm. It was heated at 110° in a sealed tube with 2 cc. of HCl 
(1.19) for 2 hours. The concentrated mixture yielded a slightly brown 
residue from which some of the color was removed with bone-black in 
acetone. Fractional crystallization from acetone and benzene gave a small 
amount of well defined, short, stout needles which sintered at 217° and melted 
at 220-227°. ‘There was insufficient material for further purification. The 
melting point of trimellitic acid is given as 228° (4). 


CoH.Os. Calculated, C 51.42, H 2.88; found, C 51.44, H 3.03 


Investigation of Acid Aqueous Layer from Permanganate Oxidation. The 
Ester, Ci3HO7—The aqueous layer which remained after ether extraction 
of the acid oxidation products was treated with excess sodium carbonate 
and evaporated to dryness. Since the residue, although mostly an inor- 
ganic mixture, still contained organic material, it was suspended in acetone 
and treated with excess diazomethane. After filtration, the filtrate on 
concentration gave a residue which was dissolved in ether and again fil- 
tered. The filtrate now yielded 114 mg. of residue, which proved to be a 
mixture of esters. Two substances were isolated from this by fractional 
crystallization from acetone and from benzene. One of these proved to 
be the ester of the above diphenyltetracarboxylic acid. The other ester, 
although with almost the identical melting point, proved to be a different 
substance. It crystallized from acetone or benzene in hexagonal platelets 
which melted at 148-149°. The substance was found to be identical with 
a substance obtained in almost the same way by the oxidation of retene, 
as reported in Paper XIII of this series (6). It is apparently the trimethyl 
ester of a dicarboxyphenylglyoxylic acid. A mixed melting point showed 
no depression. 


Cy3H}.07. Calculated, C 55.70, H 4.32; found, C 56.02, H 4.44 


All analyses were performed by Mr. D. Rigakos of this laboratory. 
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NOTE ON THE TOTAL OSMOTIC ACTIVITY OF HUMAN 
PLASMA OR SERUM 


By NATHAN LIFSON 


(From the Department of Physiology, University of Minnesota Medical School, 
Minneapolis) 


(Received for publication, December 20, 1943) 


The purpose of this communication is to present data obtained by the 
thermoelectric vapor tension method of Hill and Baldes on the following 
aspects of the total osmotic activity of the plasma or serum of normal 
humans: (a) variability in the same individual in the same day, (b) varia- 
bility in the same individuals from day to day, (c) effect of complete 
deprivation of both food and water. The information on these points in 
the literature appears to be, at best, very fragmentary. 


Methods 


The subjects were apparently healthy white males, aged 20 to 35 years. 
Blood was taken by syringe and needle from the antecubital vein of the 
seated subject. The latter compressed the upper arm with his free hand 
until the vein was entered, the pressure lasting perhaps 5 seconds. After a 
delay of an additional 2 to 5 seconds, from 4 to 7 cc. of blood were drawn 
under mineral oil. No muscular movements of the arm from which the 
blood was taken were permitted. Subsequent procedure depended upon 
whether plasma or serum was to be obtained. When plasma was desired, 
the blood was transferred immediately under mineral oil to centrifuge tubes 
containing 2 to 3 cc. of oil plus not more than 1 mg. of dry heparin (Con- 
naught). Frequently the air space above the oil was replaced by alveolar 
air. After being corked, the tubes were placed in the refrigerator for from 
a few moments to 2 to 3 hours, whereupon they were centrifuged for 15 to 
30 minutes and the plasma removed preparatory to determination of os- 
motic activity. When serum was desired, the procedure differed only in 
that heparin was omitted and coagulation was allowed to proceed in the 
refrigerator for at least 30 minutes. The samples were stored in the re- 
frigerator except when removed for analysis. Preliminary experiments 
indicated that serum and heparinized plasma may be considered as equiva- 
lent in osmotic activity, and that refrigerator storage for as long as 7 days 
did not significantly change the osmotic activity of the serum or plasma. 

Osmotic activity was measured by the thermoelectric vapor tension 
method of Hill and Baldes (1, 2) at a temperature of 37.5° and in a gas phase 
of 5 per cent CO, in oxygen. In all but a very few instances, the analyses 
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were performed in duplicate or triplicate. The results are expressed in 
terms of the concentration in milliequivalents per kilo of water of an 
isosmotic NaCl solution. The reference solution, the solution on the walls 
of the thermocouple chamber, and the unknown sample were always within 
8 milliequivalents per kilo of water of one another in osmotic activity. A 
difference between samples of more than 1.2 milliequivalents per kilo is of 
statistical significance (3). No correction was made for the osmotic actiy- 
ity of the CO, which dissolves in the reference NaCl solution; this amounts 
to approximately 0.6 milliequivalent per kilo. 

The experiments were carried out between May 27, 1942, and August 5, 
1942. During this period, according to the data for Minneapolis of the 


TaBLe | 
Variability of Osmotic Activity of Serum or Plasma in Same Individual within Same 
Day 
The values are given in terms of milliequivalents of NaCl per kilo of water. Sam- 
ple Pairs 6 to 9 ware obtained under conditions of complete fast. 








Osmotic activity 











Sample pair No. | Subject 
A.m. P.m. | Change (p.m. — a.m.) 
1 I. A. | 152.4 153.1 | 40.7 
2 F. K. 157.3 158.2 +0.9 
3 W. K. 156.7 156.6 | —0.1 
4 V. L. 153.3 153.0 —0.3 
5 ie we 153.3 153.0 —0.3 
6 I. A. 153.8 | 152.3 —1.5 
7 F. K 153.0 155.0 +2.0 
5 W.K 152.6 153.4 +0.8 
9 V.L 154.4 153.4 —1.0 





United States Weather Bureau, the mean daily temperature ranged from 
12-31°; the relative humidity readings ranged from 32 to 99 per cent; and 
the wind velocity averaged 9 to 10 miles per hour. 


Results 


Variability of Osmotic Activity of Serum or Plasma in Same Individual 
within Same Day—The data have been listed in Table I. Sample Pairs 
1 to 5 were obtained without any restrictions imposed upon the subjects, 
except that no unusual behavior (food and water intake (4, 5), muscular 
exertion (5), ete.) was indulged in. The differences between morning and 
afternoon samples under these conditions were all less than 1.0 milliequiva- 
lent per kilo of water. The values for sample Pairs 6 to 9 were obtained 
with the subjects refraining from taking food or drink during the experi- 
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mental period. The variations are noted to be 0.8 to 2.0 milliequivalents 
per kilo, but with no constancy in the direction of the change. 

Day to Day Variations in Osmotic Activity of Serum or Plasma—The data 
have been listed in Table II, wherein it will be noted that for the seven 
subjects studied over a period of 8 to 57 days, the range of individual varia- 
tion in osmotic activity of serum or plasma was from 1.6 to 5.2 milliequiva- 
lents per kilo. A study of the sequence of the values did not reveal any 
obvious reason for the observed variations. 

Effect of Deprivation of Both Food and Drink—Under the conditions of our 
experiments, no significant change in osmotic activity of serum or plasma 
occurred before 24 hours of complete fast had elapsed. One 48 hour 
complete fast was conducted in August, 1942, during which there prevailed 


Tasie II 
Day to Day Variations in Osmotic Activity of Serum or Plasma 
The values are given in milliequivalents of NaCl per kilo of water. 





Osmotic activity 





No. of days No. of = 





Subject Period covered | 
| 





| ; : 
samp samples | Restennicakdi | —— 
| days | | 

a. | @ | 6 8 152.3-155.9 3.6 
A.G. | 35 | 3 3 | 152.5-156.2 3.7 
F.K. | 14 | 3 5 | 153.0-158.2 | 5.2 
W. K. 14 5 7 152.4-156.7 | 4.3 
N. L. 8 4 4 154.6-156.2 | 1.6 
Tale, « ol 13 5 7 153.0-156.5 | 3.5 
B.T. | 16 5 6 151. 1-154.0 | 2.9 





an environmental temperature range of 18-29°, and a relative humidity 
range of 47 to 94 per cent. Control determinations of the serum osmotic 
activity on four different days displayed a range of variation of 1.6 milli- 
equivalents per kilo. After 40 hours of complete fast, the serum osmotic 
activity had risen 1.3 milliequivalents per kilo above the mean of the con- 
trol values; and after 48 hours, it had increased an additional 1.2 milli- 
equivalents per kilo. At this time the subject had lost 3.4 per cent of his 
body weight. 16 hours after termination of the fast, the osmotic activity 
of the serum had fallen 4.5 milliequivalents per kilo to a value 2 milliequiva- 
lents per kilo below the mean of the control values. However, no single 
observation was outside the range which was noted for normals (see below). 

Total Osmotic Activity of Normal Human Blood—In Table III have been 
placed the characteristics of the distributions of osmotic activity for normal 
blood as determined by the thermoelectric vapor tension method. The 
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mean for our series of twenty-eight subjects was 155.5 milliequivalents per 
kilo, with a standard deviation of the distribution of 1.9 milliequivalents per 
kilo, and a range from 152 to 159 milliequivalents per kilo. When several 
values were available for a single subject, these were averaged, so that each 
individual was represented only once in this series. 

The means reported by Culbert (6), by Benham et al. (7),' and that 
of the present series lie between 154 and 156 milliequivalents per kilo, 
and the standard deviations of the distributions vary from 1.9 to 3.1 
milliequivalents per kilo. These mean values are about 6 milliequiva- 
lents per kilo lower than the mean (161.6 + 1.2 milliequivalents per kilo) 
reported by Margaria for adult males (5). It is concluded that the values 


TaBLe III 


Comparison of Distributions Presenied by Various Investigators for Osmotic Activity 
of Normal Human “‘Blood’’ As Determined by Thermoelectric Vapor Tension 
Method 


The values are given in milliequivalents of NaCl per kilo of water. 


@ dis- 





Investigator | Method Sample Location Subjects Mean |tribu-| Range 
tion 

Margaria | Hill Defibrinated | England | 19 adult 161.6 1.2 | 159-164 
blood males 

16 adult fe- 158.6 | 1.5 | 155-160 
males 

Culbert " = New York! 30 boys 154.1 2.9 | 148-160 

20 girls 154.9 | 2.9 | 146-159 

Benham et) Baldes | Serum England | 21 adults 156.0 | 3.1 | 151-163 

al. 
Present “ 7 or Minne- 28 adult 155.5 | 1.9 | 152-159 


data plasma apolis males 





reported by Margaria are probably erroneously high, as suggested earlier 
by Baldes, who also states that, “Undoubtedly, the measurements [of 
Margaria] were not as accurate as some made subsequently . . .”’ (8). 


SUMMARY 


For the total osmotic activity of the serum or plasma of normal adult 
human males, it was found that (a) the variation from morning to afternoon 
did not exceed 2.0 milliequivalents per kilo of water; (b) the variation from 


1 The results for the glaucomatous and non-glaucomatous subjects of Benham 
et al. have been combined. Since there was no significant difference in osmotic 
activity of the serum between these two groups of patients with diseases of the eye, 
they have been considered as ‘“‘normal’’ for purposes of the present discussion. 
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day to day in the same individual ranged from 1.6 to 5.2 milliequivalents 
per kilo; (c) deprivation of both food and water for 24 hours produced no 
significant change under the conditions of these experiments. The results 
of one 48 hour period are described. 

For twenty-eight subjects, the mean total osmotic activity of the serum 
or plasma of normal adult human males was found to be 155.5 milliequiva- 
lents per kilo, with a range of 152 to 159 milliequivalents per kilo, and a 
standard deviation of the distribution of 1.9 milliequivalents per kilo. 
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INFLUENCE OF SULFANILAMIDE ON THE GERMINATION 
OF SEEDS 


By FONSECA RIBEIRO 


(From the Department of Biological Chemistry, University of Sado Paulo, 
Sdo Paulo, Brazil) 


(Received for publication, November 1, 1943) 


Sulfanilamide is a therapeutic agent with the property of acting upon 
certain bacterial cells, considered as plant cells; therefore it should be rea- 
sonable to inquire as to the possible effect of this drug upon higher organ- 
isms of the same kingdom. It is presumable that, if a plant could be influ- 
enced by sulfanilamide, such influence should have greater possibility of 
occurring in more sensitive organs or in more delicate stages of plant 
growth; hence we decided to use germinating seeds as experimental ma- 
terial. Following some preliminary tests we chose rice seeds (Oryza sativa), 
in view, above all, of their rapid development. In fact, when placed in a 
sufficient degree of humidity, such seeds show beginning development at 
the end of 4 to 5 days and then, after 3 or 4 more days, they attain con- 
siderable dimensions of stem as well as of the principal root (3.5 to 5 em.). 
It must be said, however, that several other seeds experimented with be- 
haved similarly to rice in regard to the influence of sulfanilamide. 

The germination of the seeds was always carried out on Petri dishes in 
which a thick disk of filter paper was placed; thus 10 ec. of liquid (water or 
the solution to be examined) could be added to provide the necessary con- 
ditions of humidity for germination. 

Sulfanilamide, starting with none and increasing by 1 mg., was poured 
into a series of eleven Petri plates, each containing 10 cc. The concentra- 
tions of the drug therefore varied as 1:10,000, 2: 10,000, 3:10,000, ete. 
50 seeds were put in each plate and the plates left at room temperature, 
under a glass bow], to avoid evaporation. 

At the end of 5 days the development of the seeds in Plate 1 (control) 
was evident, as may be seen in Fig. 1; the sprouts varied in size from 3 to 
6 mm. and the roots from 20 to30 mm. _ In Plate 2 (1 mg. of sulfanilamide) 
only 40 per cent of the seeds showed roots of appreciable development, but 
to a lesser degree than those in Plate 1. In Plate 3 (2 mg. of sulfanilamide 
in 10 ec.) only 18 per cent of the seeds had more or less developed roots, 
and in Plate 4, but 8 per cent. In all the other plates the aspect was the 
same (Fig. 2): the sprouts were of normal appearance but not above 1 to 3 
mm. in length and the roots were atrophied in every case, none being more 
than 1 to 4 mm. 
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In the following days there was no change in aspect: the effect of the drug 
upon the growth of the embryo of the seeds was a'ready evident in the 
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Fig. 1. Normal development of rice seeds sown in 10 ec. of distilled water (5th 
day of development 

Fic. 2. Rice seeds sown in 10 ec. of sulfanilamide solution in distilled water at 
1:2000 (5th day of development). 








' 
TABLE | 
Antagonism between Sulfanilamide and p-Aminobenzoic Acid in Germination of 
Rice Seeds 
Plate No. | Sullanilamide, | gefmincbensoic | Distilled water | Developmental 
l 0 0 10 oe 
2 5 | 0 5 ds 
3 0 5 5 +H+4 
i 1 8 | ++++ 
5 3 1 6 +++ 
6 5 $ + 
7 5 2 3 TT 
8 5 3 2 ++++ 
9 5 } l TTT 
10 5 5 0 +44 





1:10,000 solution, but more marked in the 1:2000 solution. Even this 
last solutidn does not, however, kill the embryo, which for many days 
continues to have normal aspect and turgescence. 

In order to judge the behavior of seeds under the influence of drugs of 
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different type of action from that of sulfanilamide, we carried out similar 
tests, employing phenol and arsenobenzene in solutions at 1:10,000. 
The seeds in the plates containing phenol were entirely sterile with no 
evidence of germination, and in those containing arsenobenzene about 80 
per cent was without germination, whereas in the remaining seeds the 
growth was only retarded, the roots attaining lengths not very different 
from those of the seeds in the control plate. 

These results are in accordance with findings on microbial agents. While 
sulfanilamide shows a bacteriostatic action, phenol is a microbicide and 
arsenobenzene, which is a specific agent for certain microorganisms (spiro- 
chetes), has a lethal effect on the germination of the seeds. 

We tried then to investigate the antagonism existing between sulfanila- 
mide and p-aminobenzoic acid. In Table I there are indicated the con- 
ditions of the experiment and the results observed. From these results it 
is evident that the antagonism of p-aminobenzoic acid, in relation to sul- 
fanilamide, is the same as in cultures of bacteria. 

It seems reasonable to us that this technique for investigating the action 
of sulfanilamide may permit attacking problems of which the solution 
would not be possible by experiments in vivo, or even in microbial cultures, 
as for example, facilitating the study of the mechanism of action of the 
drug. 
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Little use has thus far been made of the near infra-red spectrum for the 
identification and determination of hemoglobin and its derivatives. By 
means of infra-red photography Eggert (1) established the transparency of 
carbon monoxide-saturated blood and used this property for the qualitative 
detection of carbon monoxide poisoning.. Kggert’s observations were 
extended and placed on a more quantitative. basis by Merkelbach (2). A 
further advance was made by Matthes and Gross (3) who developed a 
method for the determination of the carbon monoxide content of blood 
in vivo in which the absorption of red and infra-red radiation by flowing 
blood was measured in the ear lobe. A band for reduced hemoglobin at 
7550 A has been described by Sidwell, Munch, Barren, and Hogness (4) 
and employed by these workers for the spectrophotometric determination 
of the degree of oxygenation of hemoglobin solutions. 

In the near infra-red region of the spectrum, between 7000 and 10,000 A, 
the hemoglobin derivatives have absorption bands which, because of their 
lower specific absorption, become apparent only when solutions more 
concentrated than those generally employed for spectrophotometric work 
are examined. A detailed description of these bands is contained in a 
previous publication (5). Despite the lower absorption, the large dif- 
ferences between the spectra of methemoglobin and cyanmethemoglobin 
and between oxyhemoglobin and carbonylhemoglobin make this region 
well suited for analytical purposes. On the basis of these considerations 
we have developed a spectrophotometric method for the determination of 
methemoglobin and carbonylhemoglobin in blood. The method. is rapid 
and accurate and requires only a few manipulations. It has an advantage 
over existing methods in that it permits the determination of the total 
hemoglobin, carbonylhemoglobin, and methemoglobin content in a single 
blood sample. 

Principle of Method 


For each sample of blood to be analyzed, three absorption measurements 
aremade. From the first of these measurements, in the infra-red, a density 
D, is obtained which may be expressed as follows: 
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L* 


(1) Di = (i400, + “ee Cun + ‘oco CHvco) F 


where €Hp0,, €4Hp, &0d €y4c9 are the extinction constants for the wave- 
length interval used and Cgyo,, Cun», and Cypco are the concentrations in 
the original blood sample of oxyhemoglobin, methemoglobin, and carbonyl- 
hemoglobin, respectively, d; is the dilution factor for the sample measured, 
and ZL is the length of the light path through the absorption cell. 

The sample in the absorption cell is then treated with KCN to convert 
the methemoglobin present to cyanmethemoglobin, and the density meas- 
ured at the same wave-length interval. 


L 
(2) D: = (¢,0, abo, + Savon Cun + co “HEco? a, 


where éyapon is the extinction constant for cyanmethemoglobin at the 
wave-length used. From these two equations the concentration of methe- 
moglobin in the blood sample may be computed. 

Essentially the same principle has been employed by Evelyn and 
Malloy (6) for the photoelectric determination of methemoglobin, with a 
spectral band in the vicinity of 6350 A. The infra-red region is to be pre- 
ferred because the absorption bands are relatively broad and carbonyl- 
hemoglobin and cyanmethemoglobin are more transparent. 

The sample is then diluted and a third determination made in the visible 
region. 


| . L 
(3) Ds = (¢in0, Heo, + Seeecn Cun + isco CHEco? ZL 


where ¢Hp0., €4HbCN, aNd €fc0 are the respective extinction constants for 
the second spectral interval and d; is the second dilution factor. Since 
Cynp is already known, a solution of Equations 1 and 3 will yield the values 
of Cro: and Cpco . 

Instruments—The method has been applied to the Coleman spectropho- 
tometer, model 10S, with a 5 my slit, and to several portable photometers 
especially designed for this purpose. These photometers are alike in 
general design but differ somewhat in optical features. In every case the 
light beam is split into two parts each of which ultimately activates one of 


* The molecular extinction coefficient eis defined by the equation D = logio J)/] = 
«CL where C is the concentration in equivalents per liter and L the cell length in em. 
This departs somewhat from the notation used in a previous publication (5) in which 
the absorption coefficient a was used to designate the coefficients obtained when C 
was expressed in equivalents per cc. It would appear to be more consistent with 
general practice to reserve the absorption coefficient a for constants defined in terms 
of natural logarithms, log. h/IJ = aCL. 
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a pair of matched photocells which are mounted in a balanced electrical 
circuit according to Hanson (7). One light beam passes through the 
absorption cell containing the sample. The second beam traverses some 
arrangement for reducing the light intensity to equal that transmitted by 
the absorption cell. This consists of either a neutral wedge of density 1.0 
attached to a vernier scale, or a spiral disk designed to reduce the aperture 
of a diaphragm linearly with rotation of the disk. The results described 
below were obtained with a photometer containing the neutral wedge; 
similar results have also been obtained with other models in which the 
spiral disk is employed. 

Selection of Wave-Lengths—Absorption measurements on the Coleman 
spectrophotometer were made at dial settings of 4965 and 8000 A. 8000 A 
is sufficiently close to the maximum for alkaline methemoglobin to afford 
a high sensitivity and in addition is isobestic for oxyhemoglobin and reduced 
hemoglobin; the presence of reduced hemoglobin will therefore not interfere 
with the determination. For these reasons 8000 A is to be preferred to the 
absorption maximum for oxyhemoglobin at 9200 A, which would be some- 
what more sensitive for the carbonylhemoglobin determination. 

The spectral interval at 4965 A constitutes an isobestic point for oxy- 
hemoglobin and carbonylhemoglobin, so that loss of CO during the final 
dilution will not affect the results. At each of the spectral intervals 
selected the absorption curves for all the components concerned are rela- 
tively flat, insuring a minimum of deviation from Beer’s law. 

In the selection of filters for the photometers various combinations were 
tested in a search for spectral intervals isobestic for oxyhemoglobin and 
carbonylhemoglobin in the visible and for oxyhemoglobin and reduced 
hemoglobin in the infra-red region. Because the effective spectral interval 
is in part a function of the phototube and lamp characteristics, different 
combinations must be tested in every case. The particular photometer 
used in this study, equipped with RCA No. 919 and No. 917 phototubes, 
contained the following Corning filters: Set 1, No. 3385, 1.1 mm.; No. 5030, 
6.0 mm.; No. 255, 2.0 mm.; Set 2, No. 338, 4.0 mm.; No. 4303, 5.1 mm.; 
No. 5543, 2.6 mm. Set 1 isolates a suitable band in the infra-red region 
in the vicinity of 8000 A and Set 2 a suitable band in the visible region near 
5000 A. Although oxyhemoglobin and carbonylhemoglobin are not 
perfectly identical in absorption in the region isolated by Set 2, they are 
sufficiently alike for the purposes of the method. 


Analytical Procedure 


Solutions—Since the absorption spectrum of methemoglobin is dependent 
upon the pH of the solution, it is necessary to work with buffered solutions. 
We have found it most convenient to use borate buffer at pH 9.4. 24.8 gm. 
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of H;BO; were dissolved in 0.20 n NaOH to a final volume of | liter; 80 
ec. of this solution were then mixed with 20 cc. of 0.20 Nn NaOH to form the 
stock 0.2 n buffer. 

A hemolyzing solution was prepared by dissolving 0.3 gm. of saponin 
(Eimer and Amend, pure white grade) in 10 cc. of the 0.2 N borate buffer 
and diluting to 100 cc. This hemolyzing solution was freshly prepared 
each morning, since it becomes turbid on standing. 

Absorption M easurements—Blood samples were collected by venipuncture 
and treated with approximately 0.01 volume of 25 per cent potassium 
oxalate. For the absorption measurements, the blood sample was aec- 
curately diluted 1:10 with the hemolyzing solution and allowed to stand a 
minute or two to insure complete hemolysis. The solution was then 
transferred to the absorption cell and the transmission (7) measured at 
8000 A on the Coleman spectrophotometer and the density (D,) with filter 
Set 1 on the photometer. The solution in the cell was then treated with 
a few crystals of KCN, stirred, and the transmission (7:) and density (Ds) 
again measured on each instrument at the same wave-length and filter 
settings. Finally, 1 cc. was withdrawn from the absorption cell, diluted 
accurately to 25 cc. with water, and the transmission (7'3) of this solution 
measured at 4965 A on the Coleman spectrophotometer and the density 
(Ds) with filter Set 2 on the photometer. 

Calibration of Instrumenis—For the computation of results from Equa- 
tions 1 to 3, it is necessary to know the molecular extinction constants for 
each hemoglobin derivative at each spectral interval. These were deter- 
mined with samples of normal blood from non-smoking individuals, the 
total hemoglobin content of which was determined independently by spec- 
trophotometric analyses. Each sample was divided into three portions: 
one portion was completely oxygenated, a second was saturated with CO, 
and the third converted to methemoglobin by the addition of K;Fe(CN ). (30 
mg. per ec. of blood). Each of these samples was then analyzed in the 
manner described above. For the absorption measurements on the methe- 
moglobin solutions the comparison cells were filled with solutions containing 
equivalent concentrations of K;Fe(CN)s. The transmission values ob- 
tained from the Coleman spectrophotometer (7;, 72, and 7;) were con- 
verted to density units (D,, Ds, and D;) by the following equation. 

1 
D = log T 

From the calibration samples the extinction constants were computed by 

applying the relation 


D= CL 
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where ¢ is the molecular extinction constant for the particular spectral 
region and derivative employed, C is the concentration in equivalents per 
liter on an Fe basis, and L the length of the absorption cell in cm. 

In Table I are listed the extinction constants obtained for each of these 
instruments. 

The constants obtained with the Coleman spectrophotometer, because of 
the relatively narrow effective slit width used, are similar to those previ- 
ously published for precise spectrophotometric work. The constants ob- 
tained with the photometer, however, differ widely from those obtained 
with monochromatic light, because of the difficulty of obtaining narrow 
intervals by means of filters. 


TaBLe I 
Extinction Constants of Hemoglobin Derivatives 


| 





Extinction constants, « X 107* 
C = 1 equivalent per liter, L = 1 cm. 























Filter region Instrument 
| | HbO, | HbCO MHb MHbCN 
Visible Coleman | 5.50 | 5.69 7.27 
Photometer | 6.59 | 6.93 8.78 
Infra-red Coleman 0.235 | 0.055 0.525 0.069 
Photometer 0.252 | 0.050 0.421 0.064 





From Equations 1 to 3 the following equations may be developed for the 
computation of the results. 











(D, — D2)d; 
(4) C. eo 
-_ (lor ‘~ «uHpcn) / 
L 
D, — d, Cyn «MHD 
(5) R= 
L 2 
Ds — z Cyn “MHDCN 
Ruvo: — R 
(6 = 
) Su»co ce, = Tena 
L 2 
== Cyn *“MHbCN 
(7) Cupo: + Cupco = $ - 4 ; 
L \*ino, + “ico — in0PSavco 
(8) Crotai = Cunbd + (Cuno, + Cupco) 
(9) Cupco = fuvco(Cupo, + Cunco) 


where Cyn», Cuvo., and Ctota: are the respective concentrations expressed 
in equivalents per liter, d, and d, are the dilution factors, L is the length of 
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the cell, and R is the ratio of the infra-red to the visible absorption, after 
these have been corrected for the absorption due to methemoglobin, 
Rupo, and Rypeo are the ratios for solutions containing these derivatives 
only and may be computed from the calibration constants. fapco is the 
fraction of ferrous hemoglobin present as HbCO. The dilution factors d, 
and d, were equal to 10 and 250 respectively. The cell lengths L were 1.00 
em. for the wedge photometer and 1.30 cm. for the Coleman spectropho- 
tometer. 

Substitution of the appropriate values for e from Table I in Equations 
t to 7 yields the following equations for the particular instruments used 
in these studies. 

Coleman Spectrophotometer 

(4, a) Cupp = (D, — D2)16.9 X 10° 


D, — 68.2Cunb 








(5, ) R. 3. = 
_" obs." Ds — 37.8C MHD 
. 1.070 — Robs. 
(6, a) Suvco = 0.830 
(D; — 37.8Cynp)250 X 1073 
7 C Cuoco = —> : <neaeeem 
, a) HbO: + CHbCO 7.15 + 0.25favco 
Photometer 
(4, b) Cunup = (D, — D,)28.1 X 10° 
= 42C ) 
(5, b) R= D, — 4 ME 
D; — 35CMuHb 
— Pee, Sd 
5, b HbCO 0.776 
(D, — 35Cynp)250 X 10°° 
(7, b) C C . 
’ HbO: + CHbCO 6.59 + 0.34fHpco 


When the corrections for the small differences in absorption between 
HbCO and Hb0, in the visible regions are neglected, Equations 7, a and 
7, 6 reduce to 
(7, a’) Cupo: + Cuoco = (D; — 37.8Cyunp)35.0 X 10° 
(7, 6°) Cuvo: + Cupco = (Ds — 35CuHp)37.9 X 10° 
The error introduced by this simplification is negligible for sublethal 


concentrations of HbCO. 

The computation of results may be greatly simplified by the use of 
suitable nomograms in place of the equations presented above. Such 
nomograms have been prepared for the Coleman spectrophotometer and 
the wedge photometer used in these studies. 
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Results 


A number of samples of human blood were treated with varying amounts 
of NaNO, and pure CO to bring about partial conversion of these samples 
to methemoglobin and carbonylhemoglobin. For the same samples the 
CO content was determined by the method of Horvath and Roughton (8) 
and the total and active hemoglobin contents were determined according 
to the procedures described in Peters and Van Slyke (9). In Tabie II we 
compare the results of the spectrophotometric analyses with those obtained 
by the gasometric methods. The nomograms referred to above were used 


TaB.Le II 


Comparison of Blood Analyses on Coleman Spectrophotometer and Neutral Wedge 
Photometer with Van Slyke Analyses 


The values are given in milliequivalents per liter. 























Total hemoglobin Methemoglobin Carbonylhemoglobin 
Sample ; 
= Coleman eae | Van Slyke | Coleman | pt | Van Siyke| Coleman ws Siake 

| } | 
1| 8.41 | 8.29 | 8.41 | 1.44 | 1.32 | 1.32 | 2.99 | 2.15 | 2.22 
2 | 8.40 | 8.37 | 8.41 | 1.22 | 1.21 | 1.24 | 1.79 | 2.05 | 2.28 
3 | 9.72 | 9.62 | 9.73 | 0.52 | 0.53 | 0.51 | 1.96 | 1.80 | 1.87 
4 | 9.66 | 9.77 | 9.73 | 0.39 | 0.43 | 0.39 | 1.7 2.05 | 1.80 
5 | 10.18 | 10.27 | 10.27 | 0.08 | 0.15 | 0.01 | 3.25 | 3.20 | 3.14 
6 | 10.24 | 10.27 | 10.27 | 1.42 | 1.41 | 1.41 | 3.20 | 3.00 | 3.09 
7 | 10.27 | 10.31 | 10.27 | 0.95 | 1.07 1.05 | 3.16 | 3.10 | 3.11 
8 | 9.24 | 9.37 | 9.34 | 0.18 | 0.23 | 0.10 | 1.7 1.85 | 2.07 
9 | 9.33 | 9.22 | 9.29 | 4.09 | 4.03 | 3.62 | 2.08 | 1.80 | 1.98 
10 | 9.44 | 9.43 | 9.29 | 3.89 | 3.74 | 3.34 | 2.00 | 1.85 | 2.08 
11 | 9.46 | 9.43 | 9.44 | 1.28 | 1.26 | 1.16 | 0.29 | 0.05 | 0.09 
12 | 9.46 | 9.43 | 9.41 | 0.58 | 0.59 | 0.61 1.12 | 1.15 | 1.25 
13 | 9.388 | 9.44 | 9.41 | 0.42 | 0.48 | 0.38 | 1.29 | 1.40 | 1.38 
14 | 9.24 9.18 | 9.13 | 0.90 | 0.938 | 0.98 | 0.37 | 0.25 | 0.17 
15 | 9.23 | 9.27 | 9.13 | 0.64 | 0.63 | 0.38 | 1.75 | 1.65 | 1.64 














for the computation of the spectrophotometric data; essentially the same 
values are given when the equations are used. 

The concentrations of the hemoglobin components in Table II are given 
in terms of milliequivalents per liter. These may be converted to gm. per 
100 cc. by multiplying by 1.67, and to volumes per cent by multiplying 
by 2.24. 


DISCUSSION 


An examination of Table II discloses that the results of spectrophoto- 
metric analysis compare very favorably with results obtained with the 
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Van Slyke apparatus. Standard deviations from the Van Slyke data have 
been computed and turn out to be 0.07 for total hemoglobin, 0.10 for 
methemoglobin, and 0.14 for carbonylhemoglobin, for both of the instru- 
ments used. The accuracy is thus about 0.7 per cent for total hemoglobin, 
0.9 per cent for methemoglobin, and 1.5 per cent for carbonylhemoglobin, 
Attention is drawn to the unusually large discrepancies observed in the 
MHb determinations in Samples 9 and 10. These results as well as the 
sarbonylhemoglobin determination on the Coleman spectrophotometer for 
Sample 2 have been omitted from the computation of standard deviations, 
The discrepancies in the methemoglobin determinations are undoubtedly 
due to a failure of the standard Van Slyke method for total hemoglobin 
with samples containing high concentrations of MHb. The reproducibility 
of the Van Slyke method for such samples is very poor, and may be attrib- 
uted to a failure to obtain complete reduction of the MHb with Na.S.Q,. 
It will be observed that the results obtained from the two photoelectric 
instruments are in good agreement. 

In the visible region the absorption contributed by blood components 
other than hemoglobin is negligible (5). In the infra-red region, however, 
an appreciable contribution is made by absorption and scattering from 
material in the blood plasma and from red cell fragments. If normal blood 
is treated uniformly, this contribution is sufficiently constant to permit 
accurate determinations. It has been observed, however, that the infra-red 
absorption is influenced by the manner in which the blood is collected. 
Thus, solutions prepared by immediately hemolyzing freshly drawn blood 
without the addition of anticoagulant will be appreciably more transparent 
than solutions treated with oxalate in the manner described above. Any 
convenient method may be used, provided the calibration constants are 
determined in the same way and the same procedure is followed throughout. 
While the presence of unusually large or small amounts of scattering or 
absorbing material has little effect on the determination of methemoglobin 
and total hemoglobin, the CO determination is more sensitive and may be 
in error by substantial amounts. For this determination particular care 
must be exercised. It is recommended that no samples be taken for several 
hours after a moderately heavy meal. The results described in Table II 
were obtained with samples taken in the forenoon, the subjects having 
consumed an unrestricted breakfast. 

If analyses of the methemoglobin content alone are desired, the method 
may be simplified by eliminating the determination in the visible region. 
In such case the total hemoglobin may be estimated from the absorption 
of the original solution, with an accuracy which will depend on the CO 
content of the blood. 

Scholander and Roughton (10) have recently described a micro gaso- 
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metric method for the determination of CO in blood which is simple and 
accurate and suitable for field use. It has important advantages over 
the present method in that no photometer is required and smaller blood 
samples can be analyzed. It does, however, require a considerable number 
of reagents, whereas the spectrophotometric method requires but one 
readily prepared solution. The present method can be used for the 
simultaneous estimation of total hemoglobin and methemoglobin, as well 
as carbonylhemoglobin, and is exceedingly simple and rapid. The method 
can readily be adapted to any photometer which extends into the near infra- 
red region In view of the wide spectral intervals isolated by the filter 
systems employed in the wedge photometer it is felt that the method can 
be successftilly applied with sufficient accuracy to any spectrophotometer 
which isolates a band no broader than about 300 or 400 A. 
i 

The authors are indebted to Dr. John 8. Kirby-Smith for the construction 
of the photometer, to Dr. H. L. Andrews for helpful suggestions, and to 
Mr. William Pricer for the Van Slyke analyses. 


SUMMARY 


1. A simple spectrophotometric method for the simultaneous determina- 
tion of methemoglobin, carbonylhemoglobin, and total hemoglobin is 
described. 

2. Details of the method as applied to the Coleman spectrophotometer 
and to a special photometer constructed for this purpose are given. 

3. Results obtained by this method are compared to Van Slyke gaso- 
metric determinations. The method is accurate to about 1 per cent. 
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FERRITIN AND APOFERRITIN IN THE ULTRACENTRIFUGE 


STUDIES ON THE RELATIONSHIP OF FERRITIN AND APOFERRITIN; 
PRECISION MEASUREMENTS OF THE RATES OF 
SEDIMENTATION OF APOFERRITIN 


By ALEXANDRE ROTHEN 
(From the Laboratories of The Rockefeller Institute for Medical Research, New York) 


(Received for publication, December 17, 1943) 


Studies on Relationship of Ferritin and A poferritin 


Since the discovery by Laufberger (1) of a crystallizable protein from horse 
spleen containing over 20 per cent of iron, workers in two laboratories 
have studied this interesting material. Kuhn and coworkers (2) repeated 
Laufberger’s experiments and considered this iron protein to be a well 
defined chemical entity containing 50 per cent of protein, 12 per cent of 
nucleic acid, and 35 per cent of iron hydroxide. Granick (3) and Granick 
and Michaelis (4), hoWever, have made a thorough study of ferritin and 
were not able to confirm the presence of nucleic acid as claimed by Kuhn. 

It was of interest to examine this unusual protein in the ultracentrifuge. 
It might have been expected that the beautifully crystalline material would 
exhibit, like most crystalline proteins, a single component in the ultra- 
centrifuge and thus have a well defined molecular weight. Kuhn was so 
convinced of the homogeneity of ferritin that on the basis of the histidine 
content he advanced the view that the molecular weight of ferritin is a 
multiple of the still problematic Svedberg protein unit (5). 

The present study has shown that crystalline ferritin is not a well defined 
molecule. The views of Kuhn concerning the structure of ferritin, includ- 
ing his contention that there is 1 iron atom for each peptide linkage, have 
been proved untenable. 

The substances used in this study were kindly provided by Dr. Granick 
whose papers (3, 4) should be consulted for the method of preparation. 

Ultracentrifugation of Ferritin—When a clear solution of ferritin, which 
has a deep brown color, is submitted to a high centrifugal field, say 150,000 
times gravity, one observes that the colored material sediments rapidly, is 
very heterogeneous, and leaves behind it a colorless, more slowly moving 
substance, yielding a very sharp boundary, with a sedimentation constant 
of about 17 Svedberg units (6). Fig. 1 represents a tracing of a schlieren 
diagram obtained during such an experiment. It was taken 5 minutes 
after a maximum velocity of 43,200 r.p.m. (mean radius 6.5 cm.) was 
reached. This experiment demonstrates that ferritin is not a chemical 
entity but is a mixture of a colorless, homogeneous protein and a hetero- 
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geneous, colored material of large particle size. The next step was to 
determine the nature of these two components, to estimate the sizes of the 
particles and their relative amounts in the mixture. The methods used 
will be described later in the paper. 

It has been reported by previous workers that the amount of iron in 
ferritin varies slightly according to the preparation. Granick has isolated 
ferritin from horse spleen with an iron content as low as 18 per cent and as 
high as 23 per cent (3). This fact alone is an indication of the hetero- 
geneity of ferritin. It was found in this investigation, by analysis of the 
sedimentation patterns, that the colorless protein part amounted to 19 per 
cent in a preparation with 20.2 per cent iron, whereas in another sample 
containing 17.7 per cent iron about 26 per cent of the material consisted of 
the colorless protein. The variation in iron content arises, therefore, in 
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Fig. 1. Sedimentation pattern of horse ferritin 


part at least, from the variable proportions of colorless protein in the mix- 
ture called ferritin. 

An important contribution to the study of ferritin was made by Granick 
and Michaelis (4) when they found that they could remove the iron from 
ferritin by chemical means, without denaturing the protein. The latter, 
which they named apoferritin, could then be crystallized as easily as ferritin. 
Its crystals were similar to those of ferritin except that they were colorless, 
instead of deep brown. Apoferritin has been found to be a very homo- 
geneous protein and was therefore selected for a study of the present ac- 
curacy of the ultracentrifugal method for determining molecular weights 
to be given in the second part of this paper. As will be seen, the molecular 
weight of apoferritin was calculated to be 470,000 from the sedimentation 
constant (sj) = 17.6 Svedberg units), the diffusion constant, and the 
specific volume. The sedimenting boundary of apoferritin can be seen in 
Fig. 2, a and b, from which it appears that there was also present a small 
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amount of a heavier protein (s ~ 25 Svedberg units) whose percentage 
varied slightly in the different samples tested. It amounted to 1 per cent 
in Fig. 2, a and 8 per cent in Fig. 2, b. 

Since the free colorless component (Fig. 1) of ferritin was found to have 
the same sedimentation constant as apoferritin, 17 Svedberg units, the 
identity of the two components was tested by separating the colorless 
material in the centrifuge with the aid of separation cells. The separation 
cells were lucite sector-shaped cells of 4° aperture, 12 mm. thick, and pro- 
vided with a perforated partition situated at one-third of their length from 





Fic. 2. Sedimentation patterns of horse apoferritin. (a) Experiment 1 of Table 
IIT, 23 minutes after reaching the maximum speed (43,200 r.p.m.); (6) Experiment 23 
of Table III, 32 minutes after reaching the maximum speed (43,200 R.p.m.); (c) Experi- 
ment 23 of Table III. Ten successive exposures have been superimposed on the same 
plate. The time interval was 9 minutes with the exception of the interval between 
the fourth and the fifth exposures which was 10 minutes, and that between the fifth 
and the sixth which was 8 minutes; (d) Experiment 28 of Table III, velocity 43,200 
R.P.M., nine superimposed exposures at 10 minute intervals; (e) Experiment 30 of 
Table III, velocity 54,000 k.P.m., nine superimposed exposures at 10 minute intervals. 
Note how much sharper the patterns are in this experiment at low temperature than 
those of (d) made at room temperature. 


the bottom. The partition was covered with a piece of filter paper which 
prevented mixing when, to collect the solution from the upper and lower 
chambers, the rotor was removed from the shaft after an experiment. 
The separation was apparently as good as indicated by the schlieren pattern 
observed before the rotor came to rest. The protein thus isolated in pure 
form was crystallized by Granick and found to be identical with apoferritin. 
However, the question of the identity with apoferritin of the protein at- 
tached to the iron hydroxide remained. In this connection, Granick and 
Michaelis have been able, by chemical means, to recover at least 84 per cent 
of the nitrogen of ferritin as apoferritin nitrogen. As mentioned above, 
between 20 and 25 per cent only of free apoferritin is present in ferritin; so 
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that one may conclude therefrom that the major part of apoferritin is bound 
to iron hydroxide. Free apoferritin is not in an easily reversible equilibrium 
with the iron-bearing complex, as shown by the following experiment. The 
complex was separated from most of its free apoferritin by eleven successive 
centrifugal fractionations. From this isolated iron complex ultracentrifuge 
patterns demonstrated that no further apoferritin separated, at least during 
several following days. 

As mentioned above, the ultracentrifuge studies show that the particles 
of the apoferritin-iron complex are not uniform. However, in spite of this 
heterogeneity the size of the average particle can be estimated from the 
average sedimentation rate. From the usual sedimentation equation it 
follows that if 2 molecules, A and B, have the same asymmetry factor, the 


1 — Vee 84 Ma i 
- ={— (1) 
1 — Vap/ 8B Me 
where s, 1, and V are the sedimentation constant, the molecular weight, 
and the specific volume of the sedimenting molecules, respectively, and p 


following relation holds 


is the density of the medium. 

If it is assumed that apoferritin and the iron complex have the same 
asymmetry factor, it follows from the above equation, since Vapor. = 
0.747, Veomptex = 0.55 (this value was calculated from the experimental 
18 Svedberg units, scomplex 


value Veerritin = 0.589), p ~ 1, Sapor, = 
65 Svedberg units, that the weight of the average iron complex is about 2.8 
times that of apoferritin. Consequently, since there is about 38 per cent 
iron hydroxide in the iron complex, its particle contains on the average 2 
molecules of apoferritin plus the iron hydroxide. 

The lack of discontinuity in the widely spread boundary of the iron 
complex indicates that the size of the iron hydroxide unit is not uniform, 
and is on the average much smaller than the molecule of apoferritin. The 
available evidence therefrom is that iron atoms are not bound stoichio- 
metrically to apoferritin, but are present as iron hydroxide micelles of 
various sizes combined with the apoferritin molecules. 

Attempts by Michaelis, Coryell, and Granick (7) to make ferritin from 
apoferritin and iron hydroxide have been, however, unsuccessful. The 
preparations of colloidal ferric hydroxide they used were found to be 
polydisperse in the ultracentrifuge. The average sedimentation constant 
of the iron hydroxide micelle was 150 Svedberg units in one of their most 
finely dispersed preparations.' With the aid of Equation | this leads to 
the conclusion that the average iron hydroxide micelle was approximately 


1 This was the material referred to as Preparation T in the paper by Michaelis, 


Coryell, and Granick (7). 
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3 times the size of the apoferritin-iron complex. (The specific volume of 
iron hydroxide was assumed to be 0.260.) Thus the size of the iron hy- 
droxide micelles probably prevented them from entering the molecular 
structure of apoferritin. 

Two preliminary electrophoresis experiments were carried out with 
ferritin in a Tiselius apparatus at pH 4.5 (acetate buffer) and 7.5 (veronal 
buffer). At both pH values a single sharp boundary was observed. The 
protein thus moves with the same mobility whether or not it carries iron 
hydroxide micelles. Since electrophoretic mobilities depend upon surface 
charge densities, it would appear, therefore, that the iron hydroxide micelles 
do not affect the electrical state of the surface of apoferritin. 

It is of interest to mention the fact that Kuhn (2) found that the optical 
activity of ferritin is of the order of magnitude of that of most proteins. 
This is also an indication that iron is not chemically bound to apoferritin. 
If it were bound, it might, indeed, have been expected that the strong ab- 
sorption band in the violet region would be anisotropic and exhibit circular 





Fic. 3. Sedimentation patterns of human apoferritin. (a) Experiment 31 of Table 
III, 28 minutes after reaching the maximum speed of 46,800; (b) Experiment 31 of 
Table III, seven successive pictures taken at 12 minute intervals. 


dichroism with an anomalous rotatory dispersion in that band (Cotton 
effect). Consequently the optical rotation in the vellow part of the 
spectrum would be influenced appreciably. It is planned to study the 
rotatory dispersion of ferritin and apoferritin to make this point certain. 

It was of interest to examine ferritin from other animals than the horse 
to discover whether species differences could be detected. Materials from 
man and dog were studied. On account of the polydisperse nature of 
ferritin, the rates of sedimentation of the apoferritin were studied. 

It is apparent from Column 7 of Table III that the constants of sedi- 
mentation of human, horse, and dog apoferritin are very nearly the same. 
The same value is obtained for human and horse apoferritin (839 = 17.6 
Svedberg units extrapolated to zero concentration), whereas the constant 
of dog apoferritin is 3 per cent greater (s9o = 18.1 Svedberg units). Schli- 
eren patterns of sedimenting human apoferritin can be seen in Fig. 3, a and 
b. It is observed that human apoferritin as well as horse apoferritin (see 
Fig. 2, a and b) contains a small percentage of a larger protein with s ~ 25 


Svedberg units. 
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It has often been reported (8) that a large protein with a constant of 
sedimentation of 18 to 19 Svedberg units (a value very close to that found 
for apoferritin) is present in very small amounts in human and in horse sera, 
The possibility was then open that apoferritin and this large protein might 
be the same material. If they were, it meant that apoferritin, an iron 
carrier, was free in the blood stream. A horse globulin fraction was there- 
fore prepared by Granick and submitted to eight successive fractionations 
in the ultracentrifuge. The final product contained over 90 per cent of 
the heavy component whose sedimentation constant was s25 = 19.6 Sved- 
berg units, a value significantly higher than that found for apoferritin (see 
Fig. 4). Hence the two proteins are not the same. Granick was unable to 
crystallize this material and, furthermore, found that it did not give any 
precipitin reaction with anti-horse apoferritin immune serum. Although 
the constant of sedimentation of this heavy globulin was only slightly larger 
than that of apoferritin, the shapes of the molecules of these two proteins 





Fic. 4. (a) sedimentation pattern of heavy horse globulin fraction obtained in a 
separation cell after eight successive fractional ultracentrifugations. A small amount 
of residual globulin can be seen to the right of the main component with s ~ 19 Sved- 
berg units. The discontinuity observed in the base-line to the left is due to the 
partition in the cell. (6) Experiment 39 of Table III, seven pictures at successive 
intervals, from left to right, of 12, 14, 10, 12, 12, and 12 minutes. 


were found to be strikingly different. The diffusion constant of the heavy 
globulin (as reported by Svedberg) is Doo = 1.8 X 10-7, whereas that of 
apoferritin is twice as large, Do) = 3.7 X 10~’, with a molecular weight of 
about 470,000. The calculated asymmetry factor f/fy is 1.8 (heavy glob- 
ulin) and 1.14 (apoferritin). This shows that the heavy globulin molecule 
is extremely asymmetric with an axis ratio of the order of 1:15. 
Determination of Amount of Free Apoferritin in Ferritin—The amount of 
free apoferritin present in ferritin was determined by two methods which 
gave identical results. The first method consists in measuring the area 
under the curve of the sedimentation boundary (dn/dx against x), which is 
proportional to the concentration. Experiments made with pure apo- 
ferritin showed that, with the optical system in use, a 1 per cent solution in 
a 12 mm. cell gave, for a slit angle of 35°, an area of 0.41 sq. cm. after cor- 
rection for decrease in concentration during the run. In many cases this 
value remained remarkably constant whether the boundary was near the 
meniscus or near the bottom of the cell. In a few cases, however, a de- 
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erease in area (after correction) sometimes as large as 15 per cent was 
observed when the boundary approached the bottom of the cell. This 
abnormal decrease is tentatively explained on the assumption that the cell 
might not have been in perfect alignment and that some material escaped 
from the solution by sliding down along the wall to the bottom. 

The ratio of the area under the apoferritin boundary to the total area is 
equal to the percentage of free apoferritin provided two corrections are 
made; first, the areas are to be multiplied by the factor r}/r3, (ry and r», are 
the distances from the center of rotation to the boundary and the meniscus 
respectively), and second, they should be brought to a common refractive 
index increment. Refractive index increments were therefore measured 
with a Pulfrich refractometer in a constant temperature room at 25°, on 
dialyzed solutions of apoferritin, ferritin, and iron hydroxide. The results 
have been summarized in Table I. The precision of the values of An/c is 


TaBLe I 
Refractive Index Increments of Apoferritin and Iron Hydroxide 








Substance Concentration An = 
| per cent J 
RR OPER Ol ye ta} 0.00192 0.00173 
Ferritin (17.7% iron)................. 1.49 0.00273 0.00183 
NEED. o's acts csdddetae Mes see 0.281 0.00061 0.00218 








about 1 or 2 per cent. Assuming the increment of ferritin to be an additive 
function, one can calculate its increment from those of apoferritin and iron 
hydroxide, since the concentration in iron is known. The calculated value 
0.00185 is in good agreement with the experimental one 0.00183. 

The results of two representative experiments to determine the amount 
of free apoferritin from area relationship have been summarized in Table II. 

The figures in Column 2 indicate the time at which the exposures were 
made after the centrifuge had reached maximum speed. The figures in 
Columns 5 and 6 have been obtained by multiplying the values in Columns 
3 and 4 by the factors r;/r2,. The total areas in Column 7 have been 
obtained by multipliying the values in Column 5 by the refractive index 
ratio 173/183 from the data in Table I. 

The second method used to determine the percentage of free apoferritin 
in ferritin was as follows: A dialyzed solution of ferritin of known concentra- 
tion was centrifuged in a separation cell. After it was visually observed 
that all of the iron complex had sedimented below the partition, the centri- 
fuge was stopped and an exposure was made at low speed just before the 
rotor came to rest. From the position of the boundary of free apoferritin 
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and the dimensions of the cell (1.2 cm. cell with an aperture of 4°) the 
amount of free apoferritin left in the upper chamber after centrifugation 
was given by the following equation. 


aed 4 c 

Gm. apoferritin = ——~ 1.2x(r3 — rj) C 

360 rs 
where r,, 7, and r, are the distances from the center of rotation to the 
partition, boundary, and meniscus respectively, and C is the unknown 
cent) of free apoferritin in the original solution, 


concentration (gm. per 
Tasie II 
Determination of Free Apoferritin from Area Relationship 
Area Area cor- . be 
Sorrected rected for = § 
Area Ser dec ones in| refractive 5 a 3 a 
, “a concentration index Bs Es 
Experimental conditions Time a= — 
Apo- Apo- Apo- 33 2s 
Total | ferri- | Total | ferri- | Total | ferri- | 3 > Zz = 
tin tin tin | x = 
, ?) 3) (4) 5) 6) 7 8 9) 10) 
gm. 
sq sq sq. q sq sq pe 
;, = cm cm cm. on cm cm cont per 
cent 
Iron content 17.7%, concentra- 2 0.70 0.79 0.745 
tion of solution 1.5%, cell 12 4 0.67 0.785 0.74 
mm. thick, 43,200 n.p.m., 25.5°, 6 | 0.64 0.78 0.74 
35° slit angle 13 0.17 0.19 0.19 | 26 | 0.45 
18 0.16 0.175 0.175; 24 | 0.42 
34 0.15 0.175 0.175) 24 | 0.42 
65 0.14 0.175 0.175 24 | 0.42 
Iron content 22.7%, concentra- | 20 0.30)0.063:0.36 0.0670.34 0.067| 20 | 0.11 


tion of solution 0.46%, cell 12 
mm. thick, 32,400 r.p.m., 20.5°, 
45° slit angle 





The fluid of the upper chamber was removed with a hypodermic needle, 
the chamber rinsed several times to remove all the material, and the dry 
weight of total fluid of the upper chamber was determined. C was calcu- 
lated by C = 100W/V, where W is the total dry weight and V the factor 
= 1 2e(y? — 3) 
360 rT, 
Since the capacity of the separation cell was small (~0.75 cc.), two cells 
were used at the same time. The second cell was placed in the hole nor- 
mally occupied by the dummy cell. As a rule, two cells could not be filled 
exactly to the same height and a double pattern was thus observed, but no 
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difficulty was encountered in locating the position of each boundary. An 
analysis was made with the solution used in the first experiment summarized 
in Table II. Two sedimentation runs were made, each one with two cells, 
and the contents of the upper chambers pooled together. The total 
volume of solution was 2.94 cc. and the values of V and W were 0.43 cc. 
and 0.00152 gm. respectively. 
Since the ferritin concentration of the original solution was 1.5 per cent, 

the percentage of free apoferritin in ferritin was then 

10°W 15.2 

15V ~i5x0as 1” 
As mentioned earlier in the paper, the agreement between the two methods 
is as good as could be expected. 


Precision Measurements of Rates of Sedimentation As Illustrated by Studies 
on Apoferritin 


A few years ago, Lauffer and Stanley (9), in collaboration with three 
other laboratories equipped with ultracentrifuges, determined the probable 
error in the value of a constant of sedimentation, using the fast sedimenting 
molecule of bushy stunt virus as material. Even in a given laboratory, 
variations in the constant s from run to run were much larger than expected, 
discrepancies as large as 10 per cent being observed with the same material. 
No conclusion was drawn as to whether there was some unknown cause of 
error or whether changes had occurred in the material investigated. The 
question of the accuracy of the ultracentrifuge, as at present used, thus 
remained open. Taking advantage of the great stability of apoferritin in 
solution, the writer decided to make a study of the rate of sedimentation of 
this protein, with the maximum precision available, as a partial answer to 
this question. 

The ultracentrifuge used was that described in earlier work (10, 11). 
The mean effective radius of the rotor, ¢.e. the distance between the center 
of rotation and the middle of the cell, is 6.5 cm. All experiments were 
carried out under a vacuum of 10-* mm. of Hg in the chamber containing 
the rotor. 

The accuracy of the determination of a rate of sedimentation is limited 
by the sensitivity of the optical arrangement used, by the controls attained 
in the speed of rotation, and the temperature. In the optical measurements 
the Svensson-Philpot schlieren method was used. A few determinations 
were also made with the scale method of Lamm. When the first method 
was used, eight to ten sutcessive exposures were taken on the same plate, 
as this procedure greatly facilitates accurate measurements of the successive 
positions of the boundary. The results of a representative experiment can 
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be seen in Fig. 2,c. The schlieren and scale methods gave identical results 
within the limit of error which was estimated to be +0.3 per cent. 

The speed of rotation was measured with the aid of a Strobotac. To 
increase the precision, the Strobotac was used on the “line” connection and 
the frequency of the periodic flashes was thus equal to the “‘line”’ frequency 
which is maintained constant to high accuracy. All experiments were 
made at speeds which were multiples of 60 revolutions per second, the 
rotating unit appearing motionless when its speed of rotation is an exact 
multiple of the frequency of the flashes. The value of the multiple of the 
60 cycle frequency corresponding to the speed of rotation was determined 
with the Strobotac on the regular scale. Two or more successive sub- 
multiples of the speed of rotation were measured. With these data the 
value of the multiple of the 60 cycle frequency corresponding to the speed 
of rotation was found. It is estimated that the speed was maintained 
constant within less than 0.1 per cent. 

The temperature of the rotor was measured with an accuracy of +0.05° 
by an iron constantan thermocouple mounted on a rod which could move 
vertically through an air-tight bearing; this arrangement permitted tem- 
perature measurements without releasing the vacuum. The temperature 
of the rotor was taken before and after an experiment by bringing the couple 
in contact with the rotor. The mean temperature is the one reported in 
Table III. Since all experiments were made at speeds between 43,200 and 
54,000 r.p.m., there was an increase in temperature of the rotor from 
0.1-1° during a run, in spite of the fact that the temperature 2 cm. above 
the rotor was kept 5-10° lower than that of the rotor itself. The tempera- 
ture of the solution was assumed equal to that of the rotor but it may 
possibly have differed from it by a few tenths of a degree. This would 
explain the slight variations in the value of s3) which were, however, never 
larger than 1.5 per cent from run to run. 

The temperature control seems to be at present the limiting factor in the 
accuracy of a rate of sedimentation, on account of the large temperature 
coefficient of the viscosity of aqueous solutions, which is about 2.5 per cent 
per degree. 

This study had also the special object of testing the formula for the 
variation of the constant of sedimentation with the temperature. This 
test appeared particularly desirable in view of the fact that it has recently 
been proposed by MacInnes (6) to adopt 0° as the standard temperature for 
the measurement of physical properties of proteins, especially as electro- 
phoresis experiments must be made at or near that temperature. The 
ultracentrifuge used in this investigation seemed particularly suitable for 
such tests, since it is equipped, as previously described (11), with a cooling 
system permitting measurements of sedimentation rates at constant tem- 
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The abbreviations in Column 4 stand for the following: 0.1 Ac = 0.1 m acetate buf- 
fer + 1 per cent NaCl, pH 4.6; 520 = 1.0134; 59 = 1.0150; m20 = 0.01079; m, = 0.01846. 
0.05 Ac = 0.05 m acetate buffer + 1 per cent NaCl, pH 4.6; 530 = 1.0080; 59 = 1.0106; 
mo = 0.01041; m = 0.01782. Ver. = 0.025 m veronal buffer + 1 per cent NaCl, pH 
7.6; 590 = 1.0073; n20 = 0.01031. All densities are based on weights in vacuo. 
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Horse apoferritin 


ha 


(7) 























R.P.M. per cent per cent Cc. Svedberg units | Svedberg units 

1 43,200 0.8 1.0 NaCl 22.8 17.5 16.9 
2 43,200 0.28 0.1 A 21.5 15.85 17.1 
3 43, 200 0.28 0.1 “ 20.7 15.6 17.1, 
4 43, 200 0.28 0.1 “ 20.45 15.7 17.4 
5 43, 200 0.28 0.1 “ 18.5 14.9 17.1; 
6 43,200 0.28 0.1 “ 20.9 15.9 17.3 
7 43,200 0.28 | 0.1 “ 20.5 15.47 | 17.05 
8 43, 200 0.14 | O01" 20.1 | 15.6 17.35 

ts | {15.85 17.2; 
9 43, 200 0.14 0.1 | 22 | {ate 17.2.8 
10 43 , 200 0.14 0.1 “ 199.5 | %.1 | 17.1 
ll 46, 800 0.07 | 0.1 “ 19.5 | 15.37 | 17.4 
12 43,200 0.07 | 0.1 “ 20.25 | 15.93 | 17.7 
13 43,2 0.28 0.1 “ 2.4 | 9.4 16.8 
14 43,200 0.2 | o1* 3.8 | 9.9% 16.8 
15 | 50,400 0.28 0.1 “ 1.2, | 9.14 16.9 
16 | 50,400 0.14 0.1 “ 2.3 9.7; 17.3 
17. | 50,400 0.14 | 0.1 “ 3.15 9.8, 17.1, 
18 | 50,400 0.14 0.1 “ 1.4 9.2 16.9 
19 50,400 0.14 0.1 “ 1.1; 9.05 16.8 
20 54,000 0.07 | 0.1“ 1.3 9.3 17.15 
21 54,000 0.07 0.1 “ wie F 9.2; 17.1 
22 50, 400 0.07 0.1” 1.8 9.75 17.55 
23 43, 200 0.54 0.05 20.2 16.1, 16.95 
24 43, 200 0.27 0.05 “ 20.15 16.25 17.1; 
25 43, 200 1.09 Ver 20.5 | 15.7% 16.3 
26 43, 200 0.27 es 2.0 | 17.1 17.95 
27 43, 200 0.27 . 20.0 | 17.15 18.0 
28 43 , 200 0.11 ee 21.55 | 17.65 17.9 
29 54,000 0.11 “ 3.2.) 62.) O89 
30 54,000 0.11 K 230 | 106 | 17.7 

Human apoferritin 
| | 

31 46,800 0.5 0.05 Ac 199.4 | 15.8 | 17.0 
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TasBLe III—Concluded 


peat Velocity [Coneentestion Medium Temperature St ss 
(1) (2) (3) (4) (5) (6) (7) 





Dog apoferritin 











R.P.M. per cent per cent , Svedberg units | Svedberg units 
32 46 , 800 0.11 0.05 Ac 20.4 16.85 17.7 
33 43,200 0.11 0.05 * 20.35 17.15 18.0; 
34 43 , 200 0.11 0.05 ** 21.25 17.15 17.8 
35 54,000 0.11 0.05 ** 3.05 10.85 17.8; 
36 54,000 0.11 0.05 ** 4.9 | 11.35 17.8; 


Horse heavy globulin 


— ~ ~~~ - —_—___.. 


| 
37 43,200 0.19 | 0.1 Ac 20.2 17.7 19.7 
38 43,200 0.19 | 0.1 “ 20.2 17.6 19.55 
39 54,000 | 0.19 | 6.3 2.1 10.7 19.1 
40 50,400 | 0 | o.1 “ 2.7 10.8 19.0 


19 


* Scale method. 





peratures around 0°. The data obtained on apoferritin are outlined in 
Table III. It will be noticed in Column 5 of Table III that determinations 
were made near 20° and 0°. If the molecules are not so small as to require 
the maximum possible velocity when the experiment is carried out at room 
temperature, the determination of a rate of sedimentation at a lower tem- 
perature is more accurate. The time of the experiment can be made the 
same by increasing the speed and the effect of diffusion is smaller at the 
lower temperature. The advantage of low temperature is especially 
marked for very dilute solutions. The increase of the sharpness of the 
peaks at 0° over those obtained at 20° is well illustrated in Fig. 2, d and e. 
The time in both of these experiments was the same. The formula used 
for reducing the sedimentation constants, s;, to a standard basis, 8%. (water 
at 20° being the usual reference solvent), is as follows: 


i n°o (1 = V; p:) 
*° im (1 — Voop3,) 





& = 8 


Values of 4, and p, were determined with an Ostwald viscosimeter and a 
quartz pycnometer, respectively. The variations of s, between 1° and 20° 
are large, about 60 per cent. However, it can be seen from Column 6 of 
Table III that the reduction formula is entirely adequate in the case of dog 
apoferritin. The same value of s2o is obtained whether sedimentation was 
carried out at 3° or 20°. 

For horse apoferritin there is a small but consistent difference; the values 
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so calculated from experiments at low temperatures are smaller by about 
1 per cent than the values obtained at 20°. 

On account of the low value found for the asymmetry factor f/fy = 1.14, 
the sedimentation constant is rather insensitive to change in concentration, 
as can be seen from Columns 3 and 7 of Table III. However, the average 
value found for the constant s3> with 0.25 per cent solutions is on the average 
smaller by 2.3 per cent than that determined with 0.07 per cent solutions. 
The following values extrapolated for zero concentration were obtained 
from experiments made with horse apoferritin at about 20° and at pH 4.6: 
so = 17.6 Svedberg units, s) = 10.2 Svedberg units. The corresponding 
values obtained from measurements at about 1° were s3o = 17.4 Svedberg 
units, s = 10.1 Svedberg units. Columns 4 and 7 of Table III indicate 
that the pH of the solution has only a small effect on the rate of sedimenta- 
tion. In veronal buffer at pH 7.6 the constant s39 = 18.0 Svedberg units 
is slightly greater than at pH 4.6. 

Molecular Weight of A poferritin—For the determination of the molecular 
weight of a substance its diffusion constant and specific volume are needed 
as well as the sedimentation constant. 

Diffusion measurements were carried out at 1° in the Tiselius apparatus, 
as already described (10, 11). Measurements were made with a 0.565 per 
cent solution in 0.05 m sodium acetate buffer and 1 per cent sodium chloride 
at pH 4.6. The diffusion constant was calculated from the relation D = 
s*/4ntH:..x., Where s is the diffusion area in sq. cm., ¢ the time in seconds, 
and H..sx, the maximum height of the curve incm. The patterns of both 
arms of the cell were studied for the computation. When values of 1/H? 
were plotted against time, good straight lines were obtained. The value 
found for the tangent (1/H* X 1/t) was 1.29, X 10~ for the boundary of 
one arm and 1.30, X 10~* for the other. The areas under the curves were 
found constant, the average value of eleven patterns being 1.38 sq. cm. for 
one boundary and 1.34 sq. cm. for the other. The average value of 1.36 
sq. em. was chosen for computation. Thus the diffusion coefficient D at 
1° equals 1.91 X 10-7. The value of the diffusion constant D3, (in water 
at 20°) is found from the relation 


——- = 3.61 X 107 


in which 7 is the viscosity. Another diffusion experiment on a different 
sample of apoferritin made at 1° in a 0.1 m sodium acetate buffer and 1 per 
cent sodium chloride at pH 4.6 gave Dip = 3.5 X 10-’. This value is, 
however, considered to be less accurate, since the experimental controls 
were not as complete. 

The specific volume of apoferritin was calculated from accurate deter- 














692 FERRITIN AND APOFERRITIN 


mination of the density of solutions of known concentration. To insure 
adequate precision, measurements were made in a quartz pvcnometer of 
about 30 cc. capacity. The following values of the density, 6, were found 
for a dialyzed solution of apoferritin containing 0.0113 gm. of protein per 
ce. 

530 = 1.00109,, 1.001122, and 1.00110; 6; = 1.00293 (based on weights 
in vacuo and 539 water = 0.99823). 

The calculated average values V3, = 0.747 and V{ = 0.738 were chosen 
for computation. The value 0.747 is in close agreement with the value 
0.749 given for proteins by Svedberg. (Svedberg’s measurements were not 
extended below 16° but by applying his temperature coefficient an extra- 
polated value of Vj = 0.739 is obtained.) The molecular weight was 
calculated from the usual formula 


RTs 


p= 
Dil — Vo) 





Two sets of values may be chosen for s, D, V, and p, either so, Doo, V20, and 
o —_ oO P 
P20 OF 8, D,, Vi, and Pi- 
The following values were calculated, 


8.31 X 293 X 17.6 x 10 
een PX 2.2 2S 
3.61(1 — 0.747 X 0.9982) 
and 
8.31 X 274 X 9.85 X 10 


= — = 462,000 
1.91(1 — 0.738 XK 1.0106) 


M 
from data obtained at 20° and 1°, respectively. It is gratifying to find that 
the value found for the molecular weight is the same whether calculated 
from measurements at room temperature or near 0°, especially if it is con- 
sidered that constants of sedimentation are about 60 per cent larger at 
room temperature than at 0°. The asymmetry factor calculated from sj 
and D>» was found to be f/f, = 1.14, thus showing that the molecule is not 
very asymmetric. On the basis of Perrin’s formula the axis ratio is 


about 3. 


I wish to thank Dr. D. A. MacInnes for helpful suggestions in the prep- 
aration of this article. 


SUMMARY 


Ferritin, a crystallized protein with 20 per cent iron, and apoferritin, 4 
crystallized iron-free protein obtained from ferritin, were investigated in 
the ultracentrifuge. It was found that ferritin is not a definite molecular 
species but consists of a mixture of a complex of apoferritin-iron hydroxide 
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and about 25 per cent free apoferritin. The mass of these complex particles 
is not uniform. However, apoferritin is a very homogeneous protein. A 
study of the sedimentation rate of apoferritin obtained with all the precision 
now available showed that the sedimentation constant of apoferritin is s3o 
= 17.6 Svedberg units. This value is significantly lower than that found 
for the normal heavy globulin of horse serum which has a sedimentation 
constant s3o = 19.5 Svedberg units. The molecular weight of apoferritin, 
whether obtained from measurements at 1° or at room temperature, was 
found equal to 465,000. The asymmetry factor is f/f, = 1.14, showing that 
the molecule has an asymmetry of the same order as egg albumin. The 
sedimentation constants of horse and human apoferritin are identical; that 
of dog apoferritin is 3 per cent greater, 
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LETTERS TO THE EDITORS 





SEPARATION OF CYTOCHROME OXIDASE INTO TWO 
COMPONENTS 
Sirs: 

An ultracentrifugal study of cytochrome oxidase prepared according 
to the new procedure! seemed to indicate the participation of two com- 
ponents in the enzymatic oxidation of cytochrome ¢ by molecular oxygen. 
The two components differ markedly in their heat stability. Component I 
loses 80 per cent of its activity in 15 minutes at 50°, while Component IT 
may be kept for the same length of time in boiling water without loss of 
activity. Component I is prepared by centrifugation of the diluted 
oxidase! for 2 hours at 10,000 r.p.m. The sediment contains an excess of 
Component I together with a small quantity of Component II. No 
further purification of Component I has as yet been attempted. Since 
the component is insoluble, it may be anticipated that ultrasonic dis- 
integration will be the first step required. Component II is obtained by 
incubating undiluted oxidase in boiling water for about 3 minutes. The 
great bulk of heat-denaturated protein is separated by centrifugation, 
washed with ammonium buffer of pH 9, and discarded. The supernatant 
solution combined with the wash liquid contains Component II. After 
centrifugation for 2 hours at 10,000 g a water-clear, slightly yellow solution 
is obtained, which contains 72 per cent of the original activity. Despite its 
unusual heat stability Component II also seems to be a protein. It is 
precipitated by ammonium sulfate, is not dialyzable, and no loss of activity 
was caused by dialysis for 15 hours at 0° against 0.004 m pyrophosphate of 
pH 7.9. Separation of the two components affects their stability to a 
great extent. Component II in ammonium buffer of pH 9 loses 40 per 
cent of its activity upon standing overnight at 0°, while the unsplit oxidase 
under similar conditions remains unchanged for several weeks. The two 
components herein described are required for the oxidation of cytochrome c 
by molecular oxygen. They are not identical with the activating principle 
discovered by Stern and Melnick,’ which seems to play a réle in the reduc- 
tion of cytochrome c by succinate. The enzymatic activity of the unsplit 
oxidase and of the separated and of the recombined components in trans- 
ferring molecular oxygen to cytochrome c is demonstrated in the table. 

1 Haas, E., J. Biol. Chem., 148, 481 (1943). 


*Stern, K. G., and Melnick, J. L., Nature, 144, 330 (1939). 
* Straub, F. B., Z. physiol. Chem., 272, 219 (1942). 
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Temperature 25°; gas phase, air. 2.5 ml. of 0.05 m phosphate buffer of pH 7,1 
+ 1.0 mg. of cytochrome c + 3.0 mg. of hydroquinone. 





Experiment 1 Experiment 2 Experiment 3 Experiment 4 


0.10 ml. unsplit oxidase | 0.10 ml. Component I | 0.20 ml. Component II = ml. a 
| 0. 








Oxygen uptake 





mtn. c.mm. c¢.mm. c.mm. c.mm. 

15 68 15 0 56 

The small oxygen uptake in Experiment 2 is probably due to the con- 
tamination of Component I with a small amount of ComponentII. A 
comparison of Experiments 1 and 4 indicates that the recombined com- 
ponents represent a considerable fraction of the original activity. The 
fact that two components are required for the reaction between molecular 
oxygen and cytochrome c suggests that Warburg’s oxygen-transferring 
enzyme and cytochrome oxidase are not identical but represent two 
individual enzymes. 
Department of Chemistry Erwin Haas 


University of Chicago 
Chicago 


Received for publication, February 7, 1944 














INDEX TO AUTHORS 





A 
Anchel, Marjorie, and Waelsch, Hein- 


rich. The higher fatty aldehydes. 
II. Behavior of the aldehydes and 
their derivatives in the fuchsin test, 


501 
Anderson, R. J. See Velick and Ander- 
* son, 523 


Anfinsen, Christian B. The distribution 


of cholinesterase in the bovine retina, | 


267 

—. The distribution of diphosphopyri- 
dine nucleotide in the bovine retina, 
279 

—. A micro manometric method for the 
determination of diphosphopyridine 
nucleotide, 285 
Annegers, J. H. See Drill, Annegers, 
and Ivy, 339 
Ashby, Winifred. A parallelism between 
the quantitative incidence of carbonic 
anhydrase and functional levels of the 
central nervous system, 235 


B 


Bailey, William H., 3rd, and Roe, Joseph 
H. Studies of the metabolism of man- 
nose. The influence of mannose ad- 
ministration on blood sugar, blood 
lactic acid, and liver glycogen in the 
adult rabbit, 135 

Ball, Eric G. A blue chromoprotein 


found in the eggs of the goose-barnacle, | 


627 

Barker, S. B. The direct colorimetric 
determination of urea in blood and 
urine, 453 
Beaver, J. J., and Kaunitz, Hans. The 
interference of sesame oil, fish oil, and 
cholesterol with the polarographic 
determination of a-tocopherol, 363 


| 


Berg, Robert L., and Westerfeld, W. W. 
The mechanism of ketol formation from 
pyruvate and aldehydes, 113 


| —. See Stotz, Westerfeld,and Berg, 41 


| Bernheim, Frederick. 





Berg, Robert L., Stotz, Elmer, and | 


Westerfeld, W. W. Alcohol metabo- 
lism in thiamine deficiency, 51 


Bernheim 
and Bernheim, 481 
Bernheim, Mary L. C., and Bernheim, 
Frederick. The production of a hy- 
droxyphenyl compound from [-phenyl- 
alanine incubated with liver slices, 


See 


481 
Bollman, Jesse L. See Flock and Boll- 
man, 371 


Boyer, Paul D., Phillips, Paul H., and 
Smith, J. Knox. The separation of 
carotene from vitamin A for the de- 
termination of vitamin A in blood 


plasma, 445 
Brackett, F. S. See Horecker and 
Brackett, 669 
Briggs, G. M., Jr. See Luckey, Briggs, 
and Elvehjem, 157 


Raymond A. See Campbell, 
483 


Brown, 
Brown, and Emmett, 


Cc 


Cahen, Raymond L., and Salter, William 
T. Urinary 17-ketosteroids in metabo- 
lism. I. Standardized chemical 
estimation, 489 

Campbell, C. J., Brown, Raymond A., 
and Emmett, A. D. Influence of 
crystalline vitamin B, on hematopoiesis 
in the chick, 483 

Cannan, R. Keith. The estimation of 
the dicarboxylic amino acids in protein 
hydrolysates, 401 

Chaikoff, I. L. See Franklin and Chai- 


koff, 295 
—. See Reinhardt, Fishler, and Chaikoff,, 
79 

Chan, Dorothea V. See Ashby, 235 


Charipper, Harry A. See Keston, Gold- 
smith, Gordon, and Charipper, 241 


697 











698 


Chesley, Leon C. A method for the 
determination of thiourea, 571 
Claff, C. Lloyd, and Swenson, Orvar. 
Micro technique for 
determination of hydrogen. ion activity 
of blood fluids, 
519 


and 


glass elect rode 


and ot her biological 


Conant, Robert F. See Samuels 
Conant, 173 
Craig, Lyman C., and Jacobs, Walter A. 
The alkaloids. XIII. The 


isolation of pimanthrene from the de- 


aconite 


hydrogenation products of staphisine, 
645 


—and XIV. Oxidation of the hydro 
carbon from the dehydrogenation of 
atisine, 651 

See Jacobs and Craig, 641 

Crismon, J. M. See Fuhrman and 

Crismon, 213 


D 
Danowski, Thaddeus S. 


of thiourea in ultrafiltrate of serum, 


Measurement 


201 

—. Use of thiourea as a measure of 
change in body water, 207 
Day, Harry G. See Hidyand Day, 477 
Day, Paul L. See Totter, Shukers, 
Kolson, Mims, and Day, 147 
Deuel, Harry J., Jr. See Vaniman and 
Deuel, 565 


Deutsch, H. F. The stimulatory effect 
of thiamine and certain of its deriva 
tives on the assay of vitamin B, by 
yeast fermentation, 431 

Dittebrandt, Marlowe, Tenney, Mary, 
and West, Edward S. Reducing sub- 
stances in urine. Improved precip- 
itating agents, 395 

Drill, Victor A., Annegers, J. H., and 
Ivy, A. C. Effect of cyanide, fluoride, 
and magnesium on serum phosphatase 
activity during hepatic damage, 339 


E 


Elliott, K. A. C., and Libet, B. Oxida- 
tion of phospholipid catalyzed by iron 
compounds with ascorbic acid, 617 

—. See Libet and Elliott, 


613 | 





INDEX 


Elvehjem,C.A. See Luckey, Briggs, and 


Elvehjem, 157 
Emmett, A. D. See Campbell, Brown, 
and Emmett, 183 
Epstein, Jeanne A. See Lee, Foley, 
Epstein, and Wallace, 185 
F 
Fishler, M. C. See Reinhardt, Fishler, 
and Chaikoff, 79 
Fishman, Lillian W. See Fishman and 


Fishman, 487 
Fishman, William H., and Fishman, 
Lillian W. The elevation of uterine 
8-glucuronidase activity by estrogenic 
hormones, 187 
Flock, Eunice V., and Bollman, Jesse L. 
Adenosine triphosphate in muscles of 


rats studied with radioactive phos- 
phorus, 371 
Foley, E. J. See Lee, Foley, Epstein, 
and Wallace, 485 


Fraenkel-Conrat, Heinz. Effect of acyl- 
ating agents on the sulfhydryl groups 
of crystalline egg albumin, 385 

Franklin, A. L., and Chaikoff, I. L. 
The effect of sulfonamides on the con- 
version in vitro of inorganic iodide to 
thyroxine and _ diiodotyrosine by 
thyroid tissue with radioactive iodine 
as indicator, 295 

Fuhrman, Frederick A., and Crismon, 


J. M. Critical factors in the recovery 
oxygen consumption of rat liver slices 
following anoxia in vilro, 213 
G 
Gallagher, T.F. See Munson, Gallagher, 
and Koch, 67 
Gangstad, Edward O. See Sullivan, 
Gangstad, and Link, 367 
Goldman, Melvin L. See Urban and 
Goldman, 329 
Goldsmith, E.D. See Keston, Goldsmith, 
Gordon, and Charipper, 241 
Gordon, Albert S. See Keston, Gold- 
smith, Gordon, and Charipper, 241 
Green, D. E. See Rainer, Nocito, and 
Green, 119 











~—— Sa 


—_ a SS 





AUTHORS 699 


H 


Haas, Erwin. Separation of cytochrome 
oxidase into two components, 695 
Hardenbergh, Esther. See Muus and 
Hardenbergh, | 
Harris, Philip L., Kaley, Marian Wood- 
side, and Hickman, K. C. D. Covi- 
tamin studies. II. The sparing action 
of natural tocopherol concentrates on 
carotene, 313 
—. See Hickman, Kaley, and Harris, 
303, 321 

Hawkins, Winthrop W. See Young, 
MacPherson, Wentworth, and Hawkins, 
245 

Hegsted, D. Mark. The amino acid 
requirements of Lactobacillus arabino- 
sus 17-5, 193 
Hickman, K.C.D., Kaley, Marian Wood- 
side, and Harris, Philip L. Covitamin 
studies. I. The sparing action of 
natural tocopherol concentrates on 
vitamin A, 303 
—,—,and—. III. The sparing equiva- 
lence of the tocopherols and mode of 
action, 321 
—. See Harris, Kaley, and Hickman, 
313 

Hidy, Phil Harter, and Day, Harry G. 
Effect of acid hydrolysis on the activity 
of polysaccharides in the enzymatic 
synthesis of starch, 477 
Hoehn, Willard M., Schmidt, L. H., and 
Hughes, Hettie B. Studies on bile 


acid metabolism. IV. Separation and | 


identification of ketocholanic acids 
formed during oxidation of cholic acid 
by Alcaligenes faecalis, 59 
Holden, Raymond F., Jr. Notes on the 
manometric hypobromite estimation of 


urea, 233 
Hoogerheide, J.C. See Menzel, Winter- 
steiner, and Hoogerheide, 419 


Horecker, B. L., and Brackett, F. S. 
A rapid spectrophotometric method for 
the determination of methemoglobin 
and carbonylhemoglobin in blood, 669 

Hughes, Hettie B. See Hoehn, Schmidt, 
and Hughes, 59 


I 
Ivy, A.C. See Drill, Annegers, and Ivy, 
339 

J 


Jacobs, Walter A., and Craig, Lyman C. 
The veratrine alkaloids. XXI. The 
conversion of rubijervine to allorubi- 
jervine. The sterol ring system of 
rubijervine, 641 
-. See Craig and Jacobs, 645, 651 

Jelinek, ViolaC. See Scudi and Jelinek, 


27, 39 

K 
Kaley, Marian Woodside. See Harris, 
Kaley, and Hickman, 313 
—. See Hickman, Kaley, and Harris, 
303, 321 
Kann, Susan. See Soboika, Kann, and 
Winternitz, 635 
Karn, H. W. See Patton, Karn, and 
Longenecker, 181 
Kaunitz, Hans. See Beaver and Kaunitiz, 
363 


Keston, Albert S., Goldsmith, E. D., 
Gordon, Albert S., and Charipper, 
Harry A. The effect of thiourea upon 
the metabolism of iodine by rat thyroid, 


241 
Ketron, Katherine C. See Najjar and 
Ketron, 579 


Kibrick, Andre C. The estimation of 
the dicarboxylic amino acids by titra- 
tion, 411 

Kilmer, Glen W., and McKennis, 
Herbert, Jr. Synthesis of a second 
isomeric form of 3,4-diaminotetra- 


hydrothiophene, 103 
Koch, F.C. See Munson, Gallagher, and 
Koch, 67 


Kohler, George O. The effect of stage 
of growth on the chemistry of the 


grasses, 215 
Kolson, Jack. See Totter, Shukers, 
Kolson, Mims, and Day, 147 
Kramer, Benjamin. See Sobel, Rocken- 
macher, and Kramer, 255 








700 


INDEX 


Krampitz, L. O., and Woolley, D. W. | Menzel, Arthur E. O., Wintersteiner, O., 


The manner of inactivation of thiamine 
by fish tissue, 9 


L 


Lee, S. W., Foley, E. J., Epstein, Jeanne 
A., and Wallace, J. H., Jr. Improve- 
ments in the turbidimetric assay for 
penicillin, 485 

LePage, G.A. Interfering substances in 
the determination of phosphoglycerol, 


593 

Libet, B., and Elliott, K. A. C. An 
iron-protein complex obtained from 
liver, 613 
—. See Elliott and Libet, 617 
Lifson, Nathan. Note on the total 
osmotic activity of human plasma or 
659 


serum, 


Link, Karl Paul. 


See Sullivan, Gangstad, 


and Link, 367 
Longenecker, Herbert E. See Patton, 
Karn, and Longenecker, 181 
Lowry, Oliver H. A simple quartz 
torsion balance, 293 


Luckey, T. D., Briggs, G. M., Jr., and 
Elvehjem, C. A. The use of Strepto- 
coccus lactis R for the measurement of 
‘folic acid,”’ 157 


M 


MacLachlan, P. L. 
the iodine number of whole phospho- 


Determination of | 


lipid, 97 | 
—. Effect of fasting on the blood lipids 

of mice, 391 
MacPherson, Catherine Conway. See | 


Young, MacPherson, Wentworth, and 
Hawkins, 245 
Mason, Harold L., and Nesbitt, Samuel. 
A method for the determination of 


coproporphyrin in urine, 19 
McKennis, Herbert, Jr. See Kilmer and 
Mc Kennis, 103 
McMahan, .J. Raymond, and Snell, 


Esmond E. The microbiological de- 
termination of amino acids. I. Valine 
and arginine, 83 


and Hoogerheide, J.C. The isolation 
of gliotoxin and fumigacin from culture 
filtrates of Aspergillus fumigatus, 419 
Miller, Leon L. The metabolism of dl- 
methionine and /-cystine in dogs on a 


very low protein diet, 603 
Mims, Virginia. See Totter, Shukers, 
Kolson, Mims, and Day, 147 


Munson, Paul L., Gallagher, T. F., and 
Koch, F. C. Isolation of dehydroiso- 
androsterone sulfate from normal male 
urine, 67 

Muus, Jytte, and Hardenbergh, Esther. 
The oxygen consumption of normal rat 
liver slices in serum and in lymph 
taken from the legs before and after 
severe burns, l 


N 


Najjar, Victor A., and Ketron, Katherine 
C. An improved thiochrome method 
for the determination of thiamine in 


urine, 579 
Nesbitt, Samuel. See Mason and Nes- 
bitt, 19 
Nocito, V. See Ratner, Nocito, and 
Green, 119 
O 
Oesterling, M. Jane. See Roe and 
Oesterling, 511 
P 


Patton, R. A., Karn, H. W., and Longe- 
necker, Herbert E. Studies on the 
nutritional basis of abnormal behavior 
in albino rats. IV. Convulsive seizures 
associated with pyridoxine deficiency, 


181 
Phillips, Paul H. See Boyer, Phillips, 
and Smith, 445 


R 


Ratner, S. Conversion of d-glutamic 
acid to pyrrolidonecarboxylic acid by 
the rat, 559 

—, Nocito, V.,and Green, D.E. Glycine 
oxidase, 119 





~~ FF — «© 


~ = 


—=~ne ~~ 





| 





Rebstock, Mildred C. See Vesiling and 
Rebstock, 585 
Reinhardt, W. O., Fishler, M. C., and 
Chaikoff, I. L. The 


plasma phospholipids: their transport 


circulation of 


AUTHORS 701 
Shukers, Carroll F. See Totter, Shukers, 
Kolson, Mims, and Day, 147 

Sisler, Eleanor. See Sumner, Somers, 

and Sisler, 479 

Smith, J. Knox. See Boyer, Phillips, 

and Smith, 445 


to thoracic duct lymph, 79 
Ribeiro, Fonseca. Influence of sulfa- 
nilamide on the germination of seeds, 
665 

Rockenmacher, Morris. See Sobel, 
Rockenmacher, and Kramer, 255 
Roe, Joseph H., and Oe6csterling, M. 
Jane. The determination of dehydro- 
ascorbic acid and ascorbic acid in plant 
tissues by the 2,4-dinitrophenylhydra- 


zine method, 511 
—. See Bailey and Roe, 135 
Rothen, Alexandre. Ferritin and apo- 

ferritin in the ultracentrifuge. Studies 


on the relationship of ferritin and apo- 
ferritin; precision measurements of 
the rates of sedimentation of apofer- 
ritin, 679 


Ss 


See Cahen and Salter, 
489 

Samuels, Leo T., and Conant, Robert F. 
The adrenals and the mobilization of 
stored fat formed from diets containing 


Salter, William T. 


different fats, 173 
Schmidt, L. H. See Hoehn, Schmidt, 
and Hughes, 59 


Scudi, John V., and Jelinek, Viola C. 
An addition to the Marshall method 
for the determination of the sulfon- 
amides in blood, 39 

— and —. Urinary excretion products 
of atabrine, 27 


Sendroy, Julius, Jr. Determination of 


serum calcium by precipitation with | 


oxalate. A comparative study of fac- 
tors affecting the results of several 


procedures, 539 
—. Note on the gasometric determina- 
tion of oxalic acid and calcium, 557 


Shock, Nathan W. The effect of pH of 
the filtrate on the recovery of inulin 
and diodrast from blood plasma, 169 


Snell, Esmond E. The effect of poly- 


amines on bacteriostasis by 4,4’- 
diamidinodiphenoxypropane, 475 
—. See McMahan and Snell, 83 


Sobel, Albert E., Rockenmacher, Morris, 
and Kramer, Benjamin. Microestima- 
tion of the inorganic constituents of 
bone, 255 

Sobotka, Harry, Kann, Susan, and 
Winternitz, Wilhelmine. Fluorophoto- 
metric analysis of vitamin A esters, 

635 

Somers, G. Fred. See Sumner, Somers, 
and Sisler, 479 

Stern, Kurt G. Electrophoretic analysis 
of yeast extracts, 345 

Stotz, Elmer, Westerfeld, W. W., and 
Berg, Robert L. The metabolism of 
acetaldehyde with acetoin formation, 

41 

—. See Berg, Stotz, and Westerfeld, 51 

Sullivan, William R., Gangstad, Edward 
O., and Link, Karl Paul. Note on 
plasma fibrinogen in guinea pig scurvy, 

367 

Sumner, James B., Somers, G. Fred, 
and Sisler, Eleanor. The influence of 
dextrin upon the synthetic action of 
plant phosphorylase, 479 

Swenson, Orvar. See Claff and Swenson, 

519 
T 

Tenney, Mary. See Dittebrandi, Tenney, 
and West, 395 

Totter, John R., Shukers, Carroll F., 
Kolson, Jack, Mims, Virginia, and 
Day, Paul L. Studies on the relation 
between vitamin M, xanthopterin, and 
folic acid, 147 

U 


Urban, Frank, and Goldman, Melvin L. 
A method for the determination of 
thiamine in the urine, 329 








Vv 


Vaniman, Carroll E., and Deuel, Harry 
J.» Jr. Studies on ketosis. XXII. 
The metabolism of cellobiose, 565 

Velick, Sidney F. The chemistry of 
Phytomonas tumefaciens. Il. Phyto- 
monic acid, a new branched chain fatty 


acid, 533 
— and Anderson, R. J. The chemistry 
of Phytomonas tumefaciens. II. The 


composition of the acetone-soluble fat, 
523 

Vestling, Carl S., and Rebstock, Mildred 
C. 3-Acetyl-5,6-isopropylidene ascor- 
bic acid, 585 


WwW 


Waelsch, Heinrich. See Anchel and 
Waelsch, 501 
Wallace, J. H., Jr. See Lee, Foley, 
Epstein, and Wallace, 485 
Wentworth, Helen P. See Young, Mac- 


Pherson, Wentworth, and Hawkins, 
245 

West, Edward S. See Dittebrandt, 
Tenney, and West, 395 


Westerfeld, W. W. See Berg, Stotz, 
and Westerfeld, 51 


INDEX 


Westerfeld, W. W. See Berg and 
Westerfeld, 113 
—. See Stotz, Westerfeld,and Berg, 4j 
Winnick, Theodore. General character- 
istics of the partial hydrolysis products 
from the action of proteolytic enzymes 
on casein, 465 
Winternitz, Wilhelmine. See Sobotka, 
Kann, and Winterniiz, 635 
Wintersteiner, O. See Menzel, Winter- 
steiner, and Hoogerheide, 419 
Woolley, D. W. Some biological effects 
produced by benzimidazole and their 


reversal by purines, 225 
—. See Krampitz and Woolley, 9 
Y 
Young, E. Gordon, MacPherson, 

Catherine Conway, Wentworth, Helen 
P., and Hawkins, Winthrop W. The 
estimation of allantoin in blood, 245 
Young, Leslie. See Zbarsky and Young, 
599 

Z 
Zbarsky, S. H., and Young, Leslie, 


_Mercapturic acids. IV. The synthesis 
of p-fluorophenyl-l-cysteine and _ its 
conversion to p-fluorophenylmercap- 
turic acid in vitro and in vivo, 599 








nd 
113 


‘ir 


25 








INDEX TO 


SUBJECTS 





A 


Acetaldehyde: Metabolism, acetoin for- 


mation, Stotz, Westerfeld, and Berg, | 


41 
Acetoin: Acetaldehyde metabolism, rela- 
tion, Stotz, Westerfeld, and Berg, 41 


| Androsterone 


Acetyl-5 ,6-isopropylidene ascorbic acid: | 


3-, Vestling and Rebstock, 
Aconite: Alkaloids, Craig and Jacobs, 
: 645, 651 
Adenosine triphosphate: Muscle, radio- 
active phosphorus in study, Flock 
and Bollman, 371 
Adrenalectomy: Fat mobilization, effect, 
Samuels and Conant, 173 
Alanine: /-Phenyl-, hydroxyphenyl com- 
pound from, liver effect, Bernheim 
and Bernheim, 481 
Albumin: Egg. See Egg albumin 
Alcaligenes faecalis: Cholic acid oxida- 
tion by, ketocholanic acids, separa- 
tion and _ identification, Hoehn, 
Schmidt, and Hughes, 59 
Alcohol(s): Metabolism, thiamine defi- 
ciency, Berg, Stotz, and Westerfeld, 


51 
Aldehyde(s): Fatty, higher, Anchel and 
Waelsch, 501 


—, —, and derivatives, fuchsin test, 
effect, Anchel and Waelsch, 501 
Ketol formation, relation, Berg and 


Westerfeld, 113 
Alkaloid(s): Aconite, Craig and Jacobs, 
645, 651 


Veratrine, Jacobs and Craig, 641 
Allantoin: Blood, determination, Young, 
MacPherson, Wentworth, and Haw- 
kins, 245 
Allorubijervine: Rubijervine conversion 
to, Jacobs and Craig, 641 
Amine(s): Poly-, bacteriostasis by 4, 4’- 
diamidinodiphenoxypropane, Snell, 
475 

Amino acid(s): Determination, micro- 
biological, McMahan and Snell, 83 


585 | 





Dicarboxylic, determination, titration, | 


Kibrick, 411 


Amino acid(s)—continued: 
Dicarboxylic, protein hydrolysates, 
determination, Cannan, 401 
Lactobacillus arabinosus requirements, 
Hegsted, 193 
sulfate: Dehydroiso-, 
urine, isolation, Munson, Gallagher, 
and Koch, 67 
Anhydrase: Carbonic, central nervous 
system, functional levels, relation, 
Ashby, 235 
Anoxia: Liver oxygen consumption, re- 
covery in vitro, relation, Fuhrman 
and Crismon, 213 
Apoferritin: Ferritin and, ultracentrifuge 


studies, Rothen, 679 
Sedimentation rate, determination, 
Rothen, 679 
Apparatus: Torsion balance, quartz, 
Lowry, 293 
Arginine: Determination, microbiologi- 
cal, McMahan and Snell, 83 


Ascorbic acid: 3-Acetyl-5,6-isopropyli- 
dine, Vestling and Rebstock, 585 
Dehydro-, plant tissue, determination, 


2,4-dinitrophenylhydrazine use, 
Roe and Oesterling, 511 
Iron compounds and, phospholipid 


oxidation effect, Elliott and Libet, 
617 
Plant tissue, determination, 2,4-dini- 


trophenylhydrazine use, Roe and 
Oesterling, 511 
Aspergillus fumigatus: Fumigacin isola- 
tion, Menzel, Wintersteiner, and 
Hoogerheide, 419 
Gliotoxin isolation, Menzel, Winter- 
steiner, and Hoogerheide, 419 
Atabrine: Urine excretion products, 
Scudi and Jelinck, 27 


Atisine: Dehydrogenation, hydrocarbon 
from, oxidation, Craig and Jacobs, 
651 

B 
Bacteriostasis: 4,4’-Diamidinodiphen- 
oxypropane, polyamine effect, Snell, 
475 
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Balance: Torsion, quartz, Lowry, 293 
Barnacle: See also Goose-barnacle 


Benzimidazole: Biological effect, purines, 


relation, Woolley, 225 
Bile acid(s): Metabolism, Hoehn, 
Schmidt, and Hughes, 59 


Blood: Allantoin, determination, Young, 
MacPherson, Wentworth, and Haw- 


kins, 245 
Carbonylhemoglobin, determination, 
spectrophotometric, Horecker and 
Brackett, 669 


Hydrogen ion activity, determination, 
micro-, glass electrode use, Claff and 
Swenson, 519 

Lactic acid, mannose effect, Bailey and 


Roe, 135 
Lipids, fasting effect, MacLachlan, 
391 


Methemoglobin determination, spec- 
trophotometric, Horecker and Brack- 


ett, 669 
Sulfonamides, determination, Scudi 
and Jelinek, 39 
Urea determination, colorimetric, 
Barker, 453 


Blood plasma: Diodrast recovery, filtrate 
hydrogen ion concentration, effect, 
Shock, 169 

Fibrinogen, scurvy, Sullivan, Gang- 
stad, and Link, 
Inulin recovery, filtrate hydrogen ion 
concentration, effect, Shock, 169 
Osmotic activity, Lifson, 659 
Phospholipids, thoracic duct lymph, 
transport, Reinhardt, Fishler, and 
Chaikoff, 79 
Vitamin A determination, carotene and 


367 | 


vitamin A separation, Boyer, Phil- | 


lips, and Smith, 445 
Blood serum: Calcium determination, 
oxalate use, Sendroy, 539 
Liver in, oxygen consumption, burns, 
effect, Muus and Hardenbergh, 1 
Osmotic activity, Lifson, 659 
Phosphatase, liver damage, cyanide, 


fluoride, and magnesium, effect, 
Drill, Annegers, and Ivy, 339 
Thiourea, determination, Danowski, 


201 





INDEX 


Blood sugar: Mannose effect, Bailey and 
Roe, 135 
Bone: Inorganic constituents, determina. 
tion, micro-, Sobel, Rockenmacher, 
and Kramer, 255 
Burn(s): Oxygen consumption, liver in 
blood serum and lymph, effect, Muus 
and Hardenbergh, 1 


Cc 


Calcium: Blood serum, determination, 
oxalate use, Sendroy, 539 
Determination, gasometric, Sendroy, 
557 

Carbonic anhydrase: Central nervous 
system, functional levels, relation, 
Ashby, 235 
Carbonylhemoglobin: Blood, determina- 
tion, spectrophotometric, Horecker 
and Brackett, 669 
Carboxylic acid:  Pyrrolidone-, 17. 
glutamic acid conversion to, Ratner, 

559 

Carotene: Tocopherol concentrates, spar- 
ing action, Harris, Kaley, and 
Hickman, 313 
Vitamin A separation, blood plasma 
vitamin A determination, Boyer, 
Phillips, and Smith, 445 
Casein: Hydrolysis products, enzymatic, 


Winnick, 465 
Cellobiose: Metabolism, Vaniman and 
Deuel, 565 


Central nervous system: Functional 
levels, carbonic anhydrase relation, 
Ashby, 235 

Cholanic acid(s): Keto-, separation and 
identification, cholic acid oxidation 
by Alcaligenes faecalis, Hoehn, 
Schmidt, and Hughes, 59 


Cholesterol: a-Tocopherol determina- 
tion, polarographic, effect, Beaver 
and Kaunitz, 363 


Cholic acid: Oxidation by Alcaligenes 
faecalis, ketocholanic acids, separa- 
tion and _ identification, Hoehn, 
Schmidt, and Hughes, 59 

Cholinesterase: Retina, Anjinsen, 267 

Chromoprotein: Goose-barnacle eggs, 
Ball, 627 
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SUBJECTS 705 
Convulsion(s): Pyridoxine deficiency, , Diphosphopyridine: Nucleotide, de- 
relation, Patton, Karn, and Longe- termination, manometric, micro, An- 
necker , 181 | jinsen, 285 
Coproporphyrin: Urine, determination, —, retina, Anjinsen, 279 
Mason and Nesbitt, 19 E 
Covitamin(s): Hickman, Kaley, and 
Harris, 303 | Egg(s): Goose-barnacle, chromoprotein, 
Harris, Kaley,and Hickman, 313 | Ball, 627 
Hickman, Kaley,and Harris, 321 | Egg albumin: Crystalline, sulfhydry! 
Cyanide: Blood serum phosphatase, liver groups, acylating agents, effect, 
damage, effect, Drill, Annegers, and Fraenkel-Conrat, 385 


339 
p-fluoro- 
from, 


Ivy, 
Cysteine: 
phenylmercapturic 
Zbarsky and Young, 599 
—,synthesis, Zbarsky and Young, 599 
Cystine: /-, metabolism, protein-low diet, 


p-F luoropheny!-l-, 
acid 


Miller, 603 
Cytochrome: Oxidase, components, 
Haas, 695 

D 


Dehydroascorbic acid: Plant tissue, de- 
termination, 2,4-dinitrophenylhy- 
drazine use, Roe and Oesterling, 511 

Dehydroisoandrosterone sulfate: Urine, 
isolation, Munson, 
Koch, 67 

Dextrin: Plant phosphorylase, effect, 
Sumner, Somers, and Sisler, 

Diamidinodiphenoxypropane: 4,4’-, bac- 


teriostasis by, polyamine effect, 
Snell, 475 
Diaminotetrahydrothiophene: 3,4-, iso- 
meric, synthesis, Kilmer and 
McKennis, 103 


Dicarboxylic amino acid(s): Determina- 
tion, titration, Kibrick, 411 
Protein hydrolysates, determination, 
Cannan, 401 
Diiodotyrosine: Iodide, inorganic, con- 
version from, in vitro, sulfonamide 
effect, radioactive iodine as indicator, 
Franklin and Chaikoff, 295 
Dinitrophenylhydrazine: 2,4-, dehydro- 


ascorbic acid and ascorbic acid, plant | 


Gallagher, and | 


479 | 


Enzyme(s): Proteolytic, casein hydroly- 
sis products, Winnick, 465 
Starch synthesis by, polysaccharide 
activity, acid hydrolysis effect, Hidy 
and Day, 477 
See also Anhydrase, Cholinesterase, 
8-Glucuronidase, Oxidase, Phospha- 
tase, Phosphorylase 
Esterase: Cholin-, retina, Anfinsen, 267 
Estrogen(s): Uterus §-glucuronidase, 
effect, Fishman and Fishman, 487 


F 


Fasting: Blood lipids, effect, MacLachlan, 
391 

Fat(s): Acetone-soluble, Phylomonas 
tumefaciens, composition, Velick and 


Anderson, 523 
Mobilization, adrenalectomy effect, 
Samuels and Conant, 173 


Ferritin: Apo-, ferritin and, ultracentri- 
fuge studies, Rothen, 679 
—, sedimentation rate, determination, 


Rothen, 679 
Apoferritin and, ultracentrifuge 
studies, Rothen, 679 


Fibrinogen: Blood plasma, scurvy, Sul- 
livan, Gangstad, and Link, 367 


Fish: Tissue, thiamine inactivation, rela- 


tissue, determination, use, Roe and | 


Oesterling, 511 


Diodrast: Blood plasma, recovery, filtrate 
hydrogen ion concentration, effect, 
Shock, 


169 





| 


tion, Krampitz and Woolley, 9 
Fish oil: a-Tocopherol determination, 
polarographic, effect, Beaver and 
Kauniiz, 363 
Fluoride: Blood serum phosphatase, liver 
damage, effect, Drill, Annegers, and 
Ivy, 339 
Fluorophenyl-l-cysteine: p-, p-fluoro- 
phenylmercapturic acid from, 
Zbarsky and Young, 599 

—, synthesis, Zbarsky and Young, 599 
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Fluorophenylmercapturic acid: 


P-; | 


p-fluorophenyl-l-cysteine conversion | 


to, Zbarsky and Young, 599 
Folic acid: Determination, Streptococcus 
lactis, use, Luckey, Briggs, and 
Elvehjem, 
Vitamin M and, relation, Totter, Shu- 
kers, Kolson, Mims, and Day, 147 
Xanthopterin and, relation, Totter, 
Shukers, Kolson, Mims, and Day, 


157 | 


147 | 


Fuchsin: Test, aldehydes and deriva- 
tives, effect, Anchel and Waelsch, 


INDEX 


Hydrogen ion concentration: Blood and 
biological fluids, determination, 
micro-, glass electrode use, Claff and 
Swenson, 519 

Hypobromite: Urea determination, 
manometric, use, Holden, 233 


I 


Inorganic constituent(s): Bone, deter- 
mination, micro-, Sobel, Rochen- 
macher, and Kramer, 255 

Inulin: Blood plasma, recovery, filtrate 
hydrogen ion concentration, effect, 
Shock, 169 


| Iodide: Inorganic, thyroxine and diiodo- 


| Iodine: 


501 

Fumigacin: Aspergillus fumigatus, isola- 
tion, Menzel, Wintersteiner, and 
Hoogerheide, 419 

G 

Gliotoxin: Aspergillus fumigatus, isola- 
tion, Menzel, Wintersteiner, and 
Hoogerheide, 419 | 


Glucuronidase: 8-, uterus, estrogens, ef- 
fect, Fishman and Fishman, 487 
Glutamic acid: d-, pyrrolidonecarboxylic 
acid from, Ratner, 559 
Glycerol: Phospho-, determination, 
interfering substances, LePage, 593 
Glycine: Oxidase, Rainer, Nocito, and 
Green, 119 
Glycogen: Liver, mannose effect, Bailey 


and Roe, 135 
Goose-barnacle: Eggs, chromoprotein, 
Ball, 627 


Grass: Chemistry, growth stage, effect, 


Kohler, 215 
Growth: Grass, chemistry, effect, 
Kohler, 215 

H 


Hematopoiesis: Vitamin B., crystalline, 
effect, Campbell, Brown, and Emmett, 

483 

Hemoglobin: Carbonyl-, blood, deter- 
mination, spectrophotometric, Ho- 
recker and Brackett, 669 
Met-, blood, determination, spectro- 
photometric, Horecker and Brackett, 
669 


tyrosine conversion relation, in vitro, 
sulfonamide effect, radioactive iodine 
as indicator, Franklin and Chaikoff, 
295 

Metabolism, thyroid, thiourea 
effect, Keston, Goldsmith, Gordon, 
and Charipper, 241 
Radioactive, inorganic iodide conver- 
sion to thyroxine and diiodotyrosine 

in vitro, sulfonamide effect, use as 
indicator, Franklin and Chaikoff, 

295 

Iron: -Protein complex, liver, Libet and 
Elliott, 613 
Iron compound(s): Ascorbic acid and, 
phospholipid oxidation, effect, £l- 
liott and Libet, 617 


J 


Jervine: Allorubi-, rubijervine conver- 
sion to, Jacobs and Craig, 641 
Rubi-, allorubijervine from, Jacobs and 
Craig, 641 
—, sterol ring system, Jacobs and 
Craig, 641 


K 


Ketocholanic acid(s): Separation and 
identification, cholic acid oxidation 
by Alcaligenes faecalis, Hoehn, 


Schmidt, and Hughes, 59 
Ketol(s): Formation, pyruvate and alde- 
hydes, relation, Berg and Westerfeld, 

113 
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SUBJECTS 
Ketosis: Vaniman and Deuel, 565 | Mercapturic acid(s): JZbarsky and 
Ketosteroid(s): 17-, urine, determina- Young, 599 


tion, chemical, Cahen and Salter, 


489 
—, —, metabolism effect, Cahen and 
Salter, 489 
L 

Lactic acid: Blood, mannose effect, 
Bailey and Roe, 135 
Lactobacillus arabinosus: Amino arid 
requirements, Hegsted, 193 
Lipid(s): Blood, fasting effect, Mac- 
Lachlan, 391 

Phospho-. See Phospholipids 


Liver: Blood serum, oxygen consumption, 


burns, effect, Muus and Harden- 
bergh, 1 
Damage, blood serum phosphatase, 
cyanide, fluoride, and magnesium, 


effect, Drill, Annegers, and Ivy, 339 
Glycogen, mannose effect, Bailey and 
Roe, 135 
Iron-protein complex, Libet and Elliott, 
613 

Lymph, oxygen consumption, burns, 
effect, Muus and Hardenbergh, 1 
Oxygen consumption, recovery in vitro, 
anoxia relation, Fuhrman and Cris- 
mon, 213 


l-Phenylalanine hydroxyphenyl com- | 


pound production, effect, Bernheim 
and Bernheim, 


p-Fluorophenyl-, p-fluorophenyl-l-cys- 


teine conversion to, Zbarsky and 
Young, 599 
Methemoglobin: Blood, determination, 
spectrophotometric, Horecker and 


Brackett, 669 
Methionine: dl-, metabolism, protein-low 
diet, Miller, 603 
Muscle: Adenosine triphosphate, radio- 
active phosphorus in study, Flock 


and Bollman, 371 

N 
Nucleotide: Diphosphopyridine, de- 
termination, manometric, micro, 
Anfinsen, 285 
—, retina, Anfinsen, 279 
Nutrition: Behavior relation, Patton, 
Karn, and Longenecker, 181 

O 


Oil(s): See also Fish oil, Sesame oil 
Oxalic acid: Determination, gasometric, 


Sendroy, 557 

| Oxidase: Cytochrome; components, 

Haas, 695 
Glycine, Rainer, Nocito, and Green, 

119 


481 | 


Lymph: Liver in, oxygen consumption, | 
burns, effect, Muus and Harden- | 


bergh, 1 
Thoracic duct, blood plasma phospho- 
lipids, transport to, Reinhardt, Fish- 
ler, and Chaikoff, 79 


M 


Magnesium: Blood serum phosphatase, 
liver damage, effect, Drill, Annegers, 


339 | 


| 


and Ivy, 
Mannose: Blood lactic acid, effect, | 
Bailey and Roe, 135 
— sugar, effect, Bailey and Roe, 135 


Liver glycogen, effect, Bailey and Roe, 


135 | 


Metabolism, Bailey and Roe, 135 


| 
| 


Oxygen: Consumption, liver in blood 
serum and lymph, burns, effect, 
Muus and Hardenbergh, l 

—,—, recovery in vitro, anoxia rela- 
tion, Fuhrman and Crismon, 213 


P 


Determination, 
Lee, Foley, Epstein, 


turbidi- 
and 


Penicillin: 
metric, 
Wallace, 485 

Phenylalanine: l-, hydroxypheny! 
compound from, liver effect, Bern- 
heim and Bernheim, 481 

Phenylhydrazine: 2,4-Dinitro-, dehydro- 
ascorbic acid and ascorbic acid, plant 
tissue, determination, use, Roe and 
Oesterling, 511 

Phosphatase: Blood serum, liver damage, 
cyanide, fluoride, and magnesium, 
effect, Drill, Annegers,and Ivy, 339 
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Phosphoglycerol: Determination, inter- 
fering substances, LePage, 593 


Phospholipid(s): Blood plasma, thoracic | 


duct lymph, transport, Reinhardt, 
Fishler, and Chaikoff, 
Oxidation, iron compounds and ascorbic 
acid, effect, Elliott and Libet, 617 
Whole, iodine number, determination, 


79 | 


MacLachlan, 97 
Phosphorus: Radioactive, muscle adeno- | 
sine triphosphate, use in study, 
Flock and Bollman, 371 
Phosphorylase: Plant, dextrin effect, 
Sumner, Somers, and Sisler, 479 


Phytomonas tumefaciens: Acetone-solu- 
ble fat, composition, Velick and 
Anderson, 523 


Chemistry, Velick and Anderson, 523 
Velick, 533 
Phytomonie acid, Velick, 533 | 


Phytomonic acid: Phytomonas tumefac- 
tens, Velick, 533 
Pimanthrene: Staphisine dehydrogena- 
tion, isolation, Craig and Jacobs, 
645 


Plant: Dehydroascorbic acid and ascor- | 


bic acid determination, 2,4-dinitro- 
phenylhydrazine use, Roe and Oes- 
terling, 511 
Phosphorylase, dextrin effect, Sumner, 
Somers, and Sisler, 
Polyamine(s): Bacteriostasis by 4,4’- 
diamidinodiphenoxypropane, 

475 

Polysaccharide (s): Starch synthesis, en- 
zymatic, acid hydrolysis effect, Hidy 
and Day, 
Porphyrin: Copro-, urine, determination, 
Mason and Nesbitt, 19 
Propane: 4, 4’-Diamidinodiphenoxy-, bac- 


479 | 


Snell, | 


477 | 


teriostasis by, polyamine effect, | 

Snell, 475 | 
Protein(s): Chromo-, goose-barnacle 
eggs, Ball, 627 
Hydrolysates, dicarboxylic amino 
acids, determination, Cannan, 401 


Iron-, complex, liver, Libet and Elliott, 


613 

-Low diet, J-cystine metabolism, 
Miller, 603 
— -—, dl-methionine metabolism, 
Miller, 603 


INDEX 


Proteolysis: Enzymes, casein hydrolysis 
products, Winnick, 465 
Purine(s): Benzimidazole biological ef- 
fect, relation, Woolley, 225 


Pyridoxine: Deficiency, convulsions, 
relation, Patton, Karn, and Longe- 
necker, 181 


Pyrrolidonecarborylic acid: d-Glutamic 


acid conversion to, Ratner, 559 
Pyruvate: Ketol formation, relation, 
Berg and Westerfeld, 113 

R 
Reducing substance(s): Urine, deter- 


mination, precipitating agents, use, 


Dittebrandt, Tenney,and West, 395 
Retina: Cholinesterase, Anfinsen, 267 
Diphosphopyridine nucleotide, An- 
finsen, 279 
Rubijervine: Allorubijervine from, 
Jacobs and Craig, 641 


Sterol ring system, Jacobs and Craig, 
641 
Ss 


Scurvy: Blood plasma fibrinogen, Sulli- 
van, Gangstad, and Link, 367 
Seed(s): Germination, sulfanilamide ef- 
fect, Ribeiro, 665 
Sesame oil: a-Tocopherol determina- 
tion, polarographic, effect, Beaver 
and Kaunitz, 363 
Staphisine: Dehydrogenation, piman- 
threne isolation, Craig and Jacobs, 
645 

Starch: Synthesis, enzymatic, polysac- 
charide activity, acid hydrolysis ef- 
fect, Hidy and Day, 477 
Steroid(s): 17-Keto-, urine, determina- 
tion, chemical, Cahen and Salter, 


489 

, —, metabolism effect, Cahen and 
Salter, 489 
Sterol(s): Rubijervine, ring system, 
Jacobs and Craig, 641 


Streptococcus lactis: Folic acid deter- 
mination, use, Luckey, Briggs, and 


Elvehjem, 157 
Sulfanilamide: Seeds, germination, 
effect, Ribeiro, 665 


Sulfhydryl group(s): Egg albumin, crys- 
talline, acylating agents, effect, 
Fraenkel-Conrat, 385 








aT fF == 6 











SUBJECTS 


Sulfonamide(s): Blood, determination, 
Scudi and Jelinek, 39 


Iodide, inorganic, conversion in vitro | 


to thyroxine and diiodotyrosine, 
thyroid, effect, radioactive iodine as 
indicator, Franklin and Chaikoff, 

295 


T 


Thiamine: Deficiency, alcohol metabo- 
lism, Berg, Stotz, and Westerfeld, 


51 

Derivatives, vitamin B, determina- 
tion, yeast fermentation, effect, 
Deutsch, 431 
Inactivation, fish tissue effect, Kramp- 
itz and Woolley, 9 
Urine, determination, Urban and Gold- 
man, 329 
—, —, thiochrome use, Najjar and 
Ketron, 579 


Vitamin B, determination, yeast fer- 
mentation, effect, Deutsch, 431 
Thiochrome: Urine thiamine determina- 
tion, use, Najjar and Ketron, 579 
Thiophene: 3,4-Diaminotetrahydro-, iso- 
meric, synthesis, Kilmer and 

Mc Kennis, 103 
Thiourea: Blood serum ultrafiltrate, de- 
termination, Danowski, 201 
Body water change, determination, use, 


Danowski, 207 
Determination, Chesley, 571 
Thyroid iodine metabolism, effect, 

Keston, Goldsmith, Gordon, and 

Charipper, 241 


Thoracic duct: Lymph, blood plasma 
phospholipids, transport to, Rein- 
hardt, Fishler, and Chaikoff, 79 

Thyroid: Iodine metabolism, thiourea 
effect, Keston, Goldsmith, Gordon, 
Charipper, 241 

Thyrosine and diiodotyrosine from 
inorganic iodine in vitro, radioactive 
iodine as indicator, sulfonamide 
effect, Franklin and Chaikoff, 295 

Thyroxine: Iodide, inorganic, conversion 


from, in vitro, sulfonamide effect, | 


indicator, 
295 


radioactive iodine as 
Franklin and Chaikoff, 


| 
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Tocopherol (s): a-, determination, 
polarographic, sesame oil, fish oil, and 
cholesterol, effect, Beaver and Kaun- 


ilz, 363 
Action, Hickman, Kaley, and Harris, 
321 


Concentrates, carotene-sparing action, 
Harris, Kaley, and Hickman, 313 

—, vitamin A-sparing action, Hickman, 
Kaley, and Harris, 303 
Sparing equivalence, Hickman, Kaley, 
and Harris, 321 
Tyrosine: Diiodo-, iodide, inorganic, 
conversion from, in vitro, sulfon- 
amide effect, radioactive iodine as 


indicator, Franklin and Chaikoff, 
295 

U 
Urea: Blood, determination, colorimetric, 
Barker, 453 
Determination, manometric, hypo- 
bromite use, Holden, 233 


Thio-, blood serum ultrafiltrate, de- 
termination, Danowski, 201 
—, body water change, determination, 
use, Danowski, 207 
—, determination, Chesley, 571 
—, thyroid iodine metabolism, effect, 


Keston, Goldsnith, Gordon, and 
Charipper, 241 
Urine, determination, colorimetric, 
Barker, 453 
Urine: Atabrine excretion products, 
Scudi and Jelinek, 27 
Coproporphyrin determination, Mason 
and Nesbitt, 19 


Dehydroisoandrosterone sulfate isola- 
tion, Munson, Gallagher, and Koch, 


67 

17-Ketosteroids, determination, chem- 
ical, Cahen and Salter, 489 
—, metabolism effect, Cahen and Salter, 
489 

Reducing substances, determination, 
precipitating agents, use, Ditte- 
brandt, Tenney, and West, 395 


Thiamine determination, Urban and 


Goldman, 329 
— —, thiochrome use, Najjar and 
Ketron, 579 
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Urine—continued: | Vitamin(s)—continued: 
Urea determination, colorimetric, | 


| 
| 
| 
| 


B,, determination, thiamine and 
Barker, 453 derivatives, effect, Deutsch, 431 
Uterus: 8-Glucuronidase, estrogens, ef- | Co-. See Covitamins 
fect, Fishman and Fishman, 487 | M, folic acid and, relation, Totter, 
y Shukers, Kolson, Mims, and Day, 
147 
Valine: Determination, microbiological, | —, xanthopterin and, relation, Totter, 
McMahan and Snell, 83 | Shukers, Kolson, Mims, and Day, 
Veratrine: Alkaloids, Jacobs and Craig, 147 
641 
Vitamin (s): A, blood plasma, determina- WwW 
tion, carotene and vitamin A separa- | water, Body, change, determination, 
tion, Boyer, Phillips, and Smith, taeiee wee Nenealt 207 
445 > , 
—, carotene, separation, blood plasma x 
vitamin A determination, Boyer, 
Phillips, and Smith, 445 





Xanthopterin: Folic acid and, relation, 
—, esters, determination, fluorophoto- | Totter, Shukers, Kolson, Mims, and 


metric, Sobotka, Kann, and Winter- | Day, 147 
nitz, 635 | Vitamin M and, relation, Totter, Shu- 


—, tocopherol concentrates, sparing kers, Kolson, Mims,and Day, 147 
action, Hickman, Kaley, and Harris, | 
303 5 
B., crystalline, hematopoiesis, effect, 
Campbell, Brown, and Emmett, 483 


; 
| Yeast: Extracts, electrophoresis, Stern, 
345 
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